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i i i  
FOREWORD 
T h i s  report contains an extensive series of model atmospheres for 
cool s tars  having a wide range i n  chemical composition. Model atmospheres 
(temperature, pressure, density, e tc . )  i n  the range 5000°K + Teff a 2000°K 
and 4.0 > log g 2 -2.0 are tabulated, along w i t h  emergent energy f l u x  
distributions, l i m b  darkening, and information on convection for selected 
models. The models are calculated under the usual assumptions of hydro- 
s t a t i c  equilibrium, constancy of total  energy f l u x  (including transport 
both by radiation and convection) and local thermodynamic equilibrium. 
Some molecular and atomic l ine opacity i s  accounted for as a s t r a igh t  
mean. Whi 1 e cool -star atmospheres are regimes of compl icated physical 
conditions, and these ,tmospheres are necessarily approximate, they should 
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I. INTRODUCTION 
Red giant and supergiant s tars  have fascinated scientists for a long 
time both as severe tests to  astrophysical theory and as storehouses of 
astrophysical information. Yet despite their  obvious interest, cool stars 
(cooler than the sun) have often been neglected i n  the past i n  favor of 
hotter stars,  which are much easier to  interpret. A recent surge of interest  
i n  cool s tars  has now altered the picture considerably, however, and i t  
appears that  both observational and lheoretical research on cool s tars  
will be a major activity i n  the coming years. 
I t  is now feasible to observe the entire spectral energy distribution 
of cool s tars  from the violet t o  the far  irifrared. Polarimetric measurements 
are revealing entirely new information. 
from many s tars  i s  interpreted t o  imply a circumstellar envelope o f  
grains. H-igh dispersion spectra make possible the identification of new 
molecules and the derivation of chemical composition and even isotropic 
abundance ratios. U1 traviolet  observations show emission 1 ines and emission 
cores i n  the H and K lines of CaII and MgII, both o f  which seem to imply a 
temperature reversal and a h o t  chromosphere. Several molecular lines 
have been detected i n  the microwave region, and some of these indicate 
circumstellar laser action. 
Excess emission near 10 microns 
Great theoretical interest  attaches to the atmospheres (as well as 
interiors) of cool s tars ,  Their enormous size, the interpretation of 
emission 1 ines, enern*' balance and possible existence of chromospheres 
and coronas, cause of the observed variabil i ty of 5ome s ta rs ,  generation 
and propagation of shock waves, mechanisms for laser actions, g ra in  
formation, possible departures from hydrostatic equilibrium, formation 
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of l ine and continuous spectra, possible s t e l l a r  winds, effects of mass 
loss, molecular spectra and opacity and the determination of chemical 
composition provide a series of challenging problems for investigation, 
Yet the study of cool s tars  has barely begun. For example, one 
would now be hard pressed t o  s ta te  w i t h  confidence such important  quan- 
tities as the C/H ra t io  or  the existence of a corona for any particular 
s tar .  A comprehensive study must begin w i t h  the s t e l l a r  photosphere, 
so that photospheric models have a sor t  of logical priority, Yet these 
models have been very slow i n  arriving - probably because the diff icul t ies  
w i t h  convection, atomic and especially molecular 1 ine blanketing, and un- 
certain composition are so well known that they have deterred the attempt, 
Recent sumnaries o f  previous computations of cool -star atmospheres 
have been g i u m  by Vardya (1970) and Johnson (1972). Pioneering work was 
done by Gingerich, Latham, Linsky and Kumar (1967), who calculated four 
models w i t h  effective temoerature of 2,500°K; log g = 5 ,  3, 1;  and solar 
composition ( p l u s  1 w i t h  a metal-deficient mixture), Opacity sources 
were H ,  H-, He-, H2 , electron scattering, and Rayleigh scattering from H2. 
A t  the same time a group i n  Japan (Tsuji 1967) computed a model w i t h  
'eff 
opacities (including Rayleigh scattering) and mean opacities from the 
bound-bound transitions of the molecules H20, CO and OH. These workers 
were also the f i r s t  to make a comparison between their  predicted fluxes 
and observations of a real s tar .  Auman (1967) calculated the opacity 
of the molecule H20, and then (Aurnan, 1969a) calculated a g r i d  of models 
with 2,000 5 Teff - < 4,000°K and -2.0 - log g - < 5.0, i n  which H20 opacity 
was included both as a straight mean and as a harmonic mean, Some pre- 
- 
= 3,000°K, log g = 1,  and solar composition, w i t h  the usual hydrogen 
3 
dicted emergent fluxes were also given although no attempt was made to  
compare these w i t h  observations. %!era1 models for red dwarf stars have 
recently appeared. E i g h t  idealized models (1,500 Teff 2 3,500) for  
solar composition w i t h  the opacity of H20, b u t  w i t h o u t  convection have 
been computed by Carbon, Gingerich, and Latham (1969). A model w i t h  
(3,00014.81 solar) including several molecular opacities was constructed 
by Tsuji (1969), who also compared predicted fluxes and observations. 
Auman (1969b) described models w i t h  Teff = 3,000 and 4,000°K. A K-dwarf 
model (4,00014.5) was constructed by Berg, Hershey, and Kumar (1969). 
Some of the cooler models f n  the extensive g r i d  (down t o  Teff = 4,000°K) 
by Carbon and Gingerich (1969) are of interest here. Their models have 
no molecular opacity b u t  ar? atomic line blanketed and include the 
transport of energy by kV+h radiat ion and convection according t o  the 
mixing-length theory. These authors also tabulate emergent surface fluxes 
and limb darkening as ,re11 as profiles of the H line. Seven models of cool 
supergiant stars w i t h  a range of chemical composition have been given by 
Alexander and Johnson (1972). These las t  models includpd for  the f i r s t  
time the opacity of CN as well as CO and H20. Finally we mention the 
work of Parsons (1969) even though his atmospheres are generally hotter 
than we are concerned w i t h  here, 
models, including atomic l ine blanketing b u t  no molecules, for  effective 
temperatures i n  the range 5,409-6,600°K and for surface gravities 
log g = 1.2,  1.8, and 2.4. 
Y 
He computed a g r i d  of 15 non-gray 
Consideration of the factors inslu4ed and neglected in previous 
calculations as noted above gives us some Idea o f  the great diff icul t ies  
involved i n  calculating real i s t i c  atmospheres for stars cooler than the  
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sun. I t  is  important t o  recognize and bear i n  mind these diff icul t ies  
even though one i s  not yet i n  a positior! to attack them.  For the sake 
of comprehensiveness we therefore consider each briefly here. 
The problems w i t h  convection have been mentioned many times pre- 
If one uses the simplest mixing-length theory, a difficulty viously. 
arises over the choice of the value to be used for the ra t io  of the 
mixing length to the pressure scale he ight ,  The consequences of various 
choices for this rat io  have been i l lustrated for cool s ta rs  by Carbon 
and Gingerich (1969). However, our concerns go much deeper t h a n  this: 
there is a t  present no guarantee that convection can even be treated 
i n  these stars by anything l ike the mixing-length theory. Alternate 
theories have unfortunately been very ;,ow i n  arriving, b u t  a non-local 
convection theory called the plume theory (based on an analogy w i t h  
plumes i n  the earth 's  atmosphere) has recently appeared (Ulrich, 1970, 
1972). Models for cool stars are s t i l l  too scanty to  allow even a 
comparison between these two methods, much less detailed comparisons w i t h  
observations. 
temperature-pressure structure i n  the outer atmospheric models for 
giant and supergiant s tars ,  b u t  i t  does become very important for 
dwarf stars. 
the composition of giants and supergiants, since i t  i s  tne mechanism 
by which processed material i s  brought from the core to the surface, 
b u t  the mode of transport will not concern us i n  this paper.) 
Fortunately, convection i s  not important i n  f i x i n g  the 
(Of course convection i s  vital ly  important i n  determining 
The sources o f  opacity i n  cool stars are s t i l l  somewhat uncertain. 
Analysis of the Stratoscope observations (Woolf, Schwarzschild, and Rose, 
1964) led t o  the conclusion that H20 was the dominant opacity source, 
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From a re-examination of the question, Wing and Spinrad (1970) proposed 
that  most of the near infrared bands are due instead to  CN i n  most cool 
stars. The molecule CO is very important i n  the infrared (Yamashita, 1962). 
The effect of these opacities has been discussed by Alexander and Johnson 
(1972). Several other molecules have been proposed from time to  time 
as significant opacity sources, including C2, T i O ,  SiO, HCN,  CH2, HCO, 
NaC1, OH, ZrO, and likely many more. 
infrared opacities.) Atomic line blanketing i s  also important, and has 
been treated by several workers for s ta rs  i n  the middle range of 
temperatures : Parsons (1 969) , Mutschl ecner and Kel 1 er (1 970, 1972) , and 
Carbon and Gingerich (1969). Comparisons of these methods have been made 
for  Procyon (Mutschl ecner and Kel 1 e r  , 1972). the sun (Mutschl 2cner and 
Keller, 1972) and the 68 giant E Vir (Morgan, 1970). Unfortunately, 
while a l l  the methods give reasonably concordant results for s tars  hotter 
than the sun,  for cooler s ta rs  they depart dramatically from each other. 
LIntil much more study of atomic l ine blanketing for  cool s ta rs  has been 
done, this will remain a major uncertainty, 
(Spinrad and Wing, 1969, review the 
Perhaps a bigger  problem is connected w i t h  chemical composition. 
One can either assume that cool s tars  have a composition l ike the sun, 
or else different. There i s ,  in fac t ,  overwhelming evidence that some 
s ta rs  have compositions which must have resulted from nucleosynthesis i n  
their interiors and the subsequent transport of this material t o  the 
surface. B u t  if not solar, then what? We do no t  know, and can therefore 
only attempt t o  bracket the actual composition i n  a parametric way, 
Beyond these problems, there are additional worries about homogeneity 
i n  the atmospheres o f  the cool s ta rs  - particularly giants and super- 
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giants, where there is  evidence froin some stars of clumpiness i n  the 
atmosphere. Since the extent of supergiant atmcspheres may be comparable 
with the radius of s tar ,  one must be concerned about possible departures 
from plane-parallel geometry (Auman, 1969, discusses this  p o i n t  briefly:, 
and one must eventually do models w i t h  spherical geometry, There i s  great 
uncertainty about the possible role of microturbl lent *:elocities, 
particularly i n  view of the fact  that  some determinations give velocities 
which are essentially sonic or supersonic (cf ,  Beer, e t  a l .  1972). One 
must also be concerned about possible departures from LTE i n  view of the 
ver,y low densities which exist  i n  the outer atmospheres of these s tars  
(Alexander 611d Johnson, 1972). Finally, because of the appearance of 
circumstellar shells and the possibility of shock waves and mass loss, one 
must also be concerned about the possibility that  hydrostatic equilibrium 
does not  hold, 
considerable evidence, then i t  may well be t h a t  radiative equilibrium also 
f a l l s  by the wayside. The problems are truly chal;enging, b u t  one must 
make a beginning somewhere. We shall begin w i t h  theoretical approaches 
which have bee found useful for hotter s tars .  Comparison w i t h  obser- 
vations or more general the0rit.s (as these become available) will show 
how these methods need to  be improved. 
If these s tars  hav chromospheres, for which there is 
Our goal here is  t o  present the details  of a large number of model 
atwsphercs t o  show the effect  o f  temperature, surface gravity, composition, 
opacities, and turbulent velocity. These atmospheres will a l l  be b a w d  
upon the usual assumptions of hydrostatic equilibrium, energy conservation 
and local thermodynamic equilibrium i n  plane-para1 le1 atmospheres. ke give 
details  o f  atmospheric structure, l i m b  darkening data and emergent fluxes 
i n  the hopes t h a t  these will be useful t o  cubsequent investigators. 
7 
I I .  PROCEDURE 
These model atmospheres were computed under what have becane almost 
the classical assumptions of s t e l l a r  atmospheres. Tha t  is, they obey the 
equations of hydrostatic equi l ibr ium, conservation of energy, and local 
thermodynamic equilibrium i n  the usual case where the geometry is assumed 
to be plane-parallel and horizontally homogeneous. The pres,ure term i n  
the equation of hydrostatic equi l ibr ium includes gas pressure, radiation 
pressure, and turbulent  pressure. A1 though the radiation pressure term 
is not generally important i n  cool s tars  ( i n  contrast t o  h o t  s tars) ,  turbu-  
lent pressure can be significant. Energy transport by both radiation and 
convection is included, the convective part being treated w i t h  the usual 
Bohm-Vitense mixing length theory. Almost a l l  of these equations are 
subject to uncertainty and many of t h e n  may i n  fact  be wrong for certain 
types of cool stars. Nevertheless, the only way to  t e s t  their  validity 
i s  t o  use them and then  to  compare their  predictions w i t h  observations, 
changing our assumptions as  necessary. 
the possible effect of some of these assumptions. 
of cool s tar  model atmospheres i s  s t i l l  i n  a pioneering stage and we expect 
many of these assumptions to  be improved w i t h  work over the next decade, 
In any case, we consider la te r  
Clearly the calculation 
Through the kindness of Dr. R. Kuruct, we have obtained a copy of 
his code ATLAS which solves the equations described above. A t  Indiana 
Ufiiversity ATLAS was considerably modified by D. Alexander i n  order to  
permit the calculation of atmospheres for very cool s tars ,  where molecular 
effects were important or even dominant. Since program ATLAS has been 
widely distributed and is documented i n  great detail (bo th  the physical 
equations and a complete l is t ing of the code) i n  the l i terature  (Kuruct, 
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1970) we w i l l  not re-describe i t  here. There are o f  course several 
versions o f  t h i s  code, corresponding t o  d i f f e r e n t  leve ls  o f  developnent, 
and we are not sure tha t  our o r i g ina l  version corresponds i n  every d e t a i l  
t o  that  l i s t i n g  pr inted i n  the code, but i t  i s  ce r ta in l y  very similar. 
The substantial changes which we have made i n  the code include the 
ef fects o f  molecules i n  the treatment o f  convection ( i n  the calculat ion 
o f  the thermodynamic quant i t ies used), i n  the equation o f  state, and most 
importantly i n  the calculat ion o f  the opacity. Some atmospheres using t h i s  
code have a1 ready appeared (A1 exander and Johnson, 1972) . 
The thermodynamic quant i t ies C Q, and Vad used i n  the calculat ion 
P' 
o f  the convective f l u x  are calculated using a program wr i t t en  by Grossman 
(1970) which fol lows the formulation o f  Vardya (1965; see also Mihalas, 
case i.i., page 25, 1967). The ionizat ion o f  H and H-, the dissociat ion o f  
H p  and H2 , the ionizat ion o f  He, the ionizat ion o f  th i r teen mo;t abundant 
and most eas i ly  ionized elements ( a t  t h e i r  solar abundance), and rad iat ion 
pressure drt? included. 
+ 
2 
The program computes the equation o f  state and the enthalpy per gram, 
H, as functfons o f  electron pressure and temperature. The contr ibut ion 
o f  H2 t o  the enthalpy i s  
H (H2) = [ - 4.476 + AE (H2) - 2 X(H)] N (H2) / p (1) 
where 
2.6757-1,4772e t 0.60602e2 - 0.12427e3 t 0,00975038 
9 
i s  the in te rpo la t ion  formula f o r  the energy o f  ro ta t i on  and v ib ra t i on  
given by Vardya (1965). Here X(H) i s  the ion iza t ion  energy o f  hydrogen, 
N(H2) i s  the  number densi ty o f  Hq and e = 5040/T. The cont r ibu t ion  o f  
H; i s  handled i n  a s im i la r  fashion. The enthalpy o f  each atomic species 
i s  
H i  = - Xi Ni / p 
where Xi i s  the ion iza t ion  energy o f  the i t h  species an* Ni i s  the number 
2 
density o f  the i t h  species. 
Then, the t o t a l  enthalpy i s  
Then the thermodynamic quanti  t i e s  are calculated by evaluating 
numerical ly the der ivat ives i n  the fo l low ing  formulas: 
cp=($ )pe  - (” ape ) T ( % ) p e l  (”) ape T (3)  
Q = -  [(a), - (”) ape T (3)pe ’ (3) ape T ] 
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The numerical derivatives were calculated w i t h  a step size of 0.01 i n  
log p, and i n  8. Larger step sizes decreased the accuracy of the results 
by markedly increasing the numerical noise. 
The lower limits of the data tables, a t  Pe = 10 dynes cm” and 
T = 1650°K, were reached occasionally dur ing  the model calculations. Siirce 
this always occurred a t  small optical depths ( T < 
cannot be an e f f ic ien t  means r c  transporting flux because of the very low 
density -In the outer layers of these atmospheres, convection was turned off 
wherc the table limits were exceeded. 
where convection 
Equation-of-state calculations are performed by a subroutine (STATEH) 
written by R. Beebe (1972). The subroutine calculates electron density 
i n  an outer loop by solving the equations of ionization equilibrium for  
the neutral atom and f i r s t  ion o f  the 13 elements H ,  He, C ,  N ,  0, Na, Mg, 
Al, Si ,  S ,  K, Ca, and Fe. 
inner loop from the solution of the equations o f  molecular dissociative 
equi 1 i bri um 
Molecular concentrations are calculated i n  an 
N N  -- A - K ( t )  
NAB 
(4 )  
where NA,  N B  and NAB are, i n  order, the concentrations 
A, B, and molecules AB. For increased accuracy, equat 
cm-3) o f  itoms 
) i s  used i n  a 
logarithmic form. 
a fourth-order polynomial i n  0 (= 5040/T) from standard tables. 
cludes a t  present a l l  21 diatomic molecules o f  H, C ,  N ,  0 ,  Si ,  and s; the 
molecules MgH, MgN, MgO, TiO, Ti02, ZrH, ZrC,  ZrO, and Zr02; and the 24 
polyatomic molecules and radicals: H20, HCN, HCO, HNO, N H 2 ,  N H 3 ,  C H 2 ,  
CH3, CH4, C q ,  C3, C2N2,  C2H2, CH$, CHNO, HNC,  NCO, C2H, C 2 N ,  N 2 H ,  N C N ,  N 3 ,  





N20, and Sicp. The JANAF themchemical tables (1960) were used as sources 
for a l l  equilibrium constants except for Si0 (Vardya, 1965) and C3, HCN, 
NCO, L i i ,  1. C2N, N2H, NCN, N3, N20, and Sic2 (Morris and Wyller, 1967). 
Ccilipie:.e listings of the f i t t i n g  parameters for  K (t) can be obtained from 
Dr. R ,  Beebe or the author. 
depletion cif carbon by the possible formation o f  carbon grains i n  the 
outer .itmospneric layers, the partial pressure of carbon is fixed a t  the 
saturi .ion pressure whenever i t  exceeds the value. 
I n  order to  account i n  a crude way for the 
bie of the most significant differences between ho t  and cool s tars  
i s  the opacity of the atmosphere. 
those stars which have significant molecular l ine blanketing i n  their 
spectrum. Our copy o f  the ATLAS code already contains the bound-free and 
free-free absorption o f  H and H- and Rayleigh scattering from H. We 
hav? added free-free absorption o f  H2 
196.1) and Rayleigh scattering o f  H p .  The code ATLAS also includes the 
bound-free opac' y due t o  low-lying states o f  Mg I and Si I ,  b u t  these 
are of minor importance i n  most of the atmospheres which we will consider. 
In our code we include as molecular opacities - taken as straight mean 
In fact ,  cool s tars  could be defined as 
- (Somerville, 1964; Carbon e t  a l . ,  
o p a c i t i s  over wave number intervals of 100 cm-' - the red and infrared 
opacity o f  H20, t m n  red system of CN and the fundamental and f irst  three 
overt.we v ih t .3  ,on-rotation bands of CO. For H20 we have used the 
opacitie, o f  Auman (1967) and Burch and Grynak (1966); for CO the 
opaci,ies o f  Beebe (1969), and f o r  CN the results of Johnson, Marenin and 
F r  ice (l t)72).  Thes? 3 molecular opacities plus the hydrogenic opacities 
described ear l ier  constitute our standard opacities (often abbreviated 
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SO). In addition we have included a more approximate opacity for the 
polyatomic radicals HCO, HCN, NH2, CH2, and C j  (Main and Bauer, 1967). 
T h i s  opacity is abbreviated (P) .  
There i s  still considerable controversy over the question of whether 
the straight-mean or the harmonic-mean opacity should be used, and un- 
doubtedly one should use a picket representation of the opacity rather 
than either. However picket opacities are not generally available, and 
there is no easy way t o  combine picket opacities from different molecules 
which happen to  occur a t  the same wavelengths. The straight mean has the 
great advantage of simplicity, especially when one changes from one 
composition t o  another. 
recently for two wavenumber intervals for the molecules CN, C2, and CO 
(Querci, Querci and Kunde, 1971 ). Unfortunately these were computed for 
the mass absorption coefficient, and therefore they are tied to  a fixed 
composition, w h i c h  i n  their  case is extremely carbon-rich. More recently, 
d i s t r i b u t i o n  function opacities and picket opacities have been computed 
for the CN red system (Carbon, 1973). Because of the simplicity of the 
straight mean opacity and the excel lent agreement between models computed 
using straight-mean o p c i  t i e s  and observations of Betelgeuse (Fay and 
Johnson, 1973), we have chosen to use the straight mean (over intervals 
of 100 cm-l) for these calculations. We have, howevtr, tried t o  t e s t  
the possible effects of our opacity smoothing by various schemes w h i c h  
w i  11 be described 1 a ter  . 
Distribution function opacities have been computed 
The amount of atomic l ine blanketing t o  be used i s  also uncertain. 
Very l i t t l e  work has been done i n  trying t o  determine the l ine blocking 
s t a t i s t i c s  for any star much cooler than the sun. The exception t o  this  
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is the work now under way on Arcturus (Edmonds and Morgan, 1971 ; Morgan 
and Collins, 1972). We have chosen to  use the MK method (Mutschlecner 
and Keller, 1970, 1972) derived from the sun. Other methods available 
(Parsons, 1969; Carbon and Gingerich, 1969) have much less l ine blanketing 
i n  the ultraviolet, and calculations for the 68 g i a n t  E Vir (Morgan, 
1970) and the M2 supergiant Betelgeuse (Fay and Johnson, 1972) show 
that even the MK l ine blanketing may be insufficient to match the steep 
ultraviolet falloff i n  these stars.  We have therefore chosen to  use this 
method although we have experimented widely w i t h  variations to  determine 
the effects of possible changes i n  the method. 
111. RESULTS 
O u t  of many models constructed, we have selected about 40 for tab-  
ulation, and these are indexed i n  Table 1. The columns there l i s t  f o r  
each model the model number, the effective temperature, logarithm of the 
surface gravity ( i n  cgs units), chemical composition of the star (C/H, 
N/H, O/H), opacities used i n  the calculation (abbreviated), and the 
sequence number (the number of the computer r u n ) .  
The models themselves are given i n  Table 2, and these constitute 
the heart of the paper. The columns i n  Table 2 give, i n  order: t (optical 
depth a t  1 micron), T (temperature ( O K ) ) ,  P (pressure (dyne 
XNE (number density o f  electrons ( ~ m ’ ~ ) ) ,  p (density (g 
2 -1 absorption coefficient a t  1 micron (cm g )),  and H (physical height 
scale (km)) measured from the depth a t  which T = 1.00, 
K (mass 
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Monochromatic surface fluxes are given for  many of the models i n  
Table 3. The quantity shown i s  actually logarithm of the flux (called 
b o t h  Fv and rFv  i n  astronomical literature) i n  cgs units (erg s-l cm-2 
hz-l). Although the models were computed w i t h  57 frequency points ,  
fluxes are given for only 50 points,  which f i t  snugly on a page. The 
neg'xted frequencies are eight higher (2),  where the flux is very 
low, or else doubled UF (5) near expected spectral "discontinuities" 
which  i n  f ac t  do not occur and where one value of a pair i s  therefore 
redundant. For the sake of economy we have not tabulated the surface 
f lux  for a l l  models, especially when several had almost identical f l u x  
values (as when, for example, the models d i f fe r  only i n  log 9).  
To f ac i l i t a t e  study of the effects of convection on the models, we 
give  i n  Table 4 data on the convective velocities (Vconv) and the fraction 
of the total  flux carried by convection (Fc/F) for  a few representative 
model s, 
Table 5 gives limb darkening coefficients for  selected models. 
values of Iv(p)/Iv(p=l) are tabulated a t  v = 0.60, 0.40, 0.20, and 0.10 
for  4 different values of wavelength (4,240; 5,400; 9,950; and 20,300 A ) .  
The 
Often i n  our discussion we will find 't convenient t o  describe a model 
by (Teff/log g/chemical c0mpositionlopacit.v). Thus model J1 would be 
designated as (500014.0lLlSO,P,MKII). 
refers t o  solar composition (Lambert, 1968; Lambert and Warner, 1968a, b, c; 
Warner, 1958; Lambert and Mallia, 1968). 
t o  the standard opacities - the opacity of a l l  forms of hydrogen plus 
H20, CO, and CN; P refers to  the polyatomic free radicals ( a l though  
always included, their opacity is  never really important);  MK refers t o  
In the chemical composition box L 
In the opacity box, SO refers 
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Mutschlecner-Keller atomic line blanketing. For most stars, the MK p l u s  
CN overblankets the star i n  the infrared, because many of the lines counted 
by MK were really CN lines, and CN opaclty is separately included. Rough 
counts indicated t h a t  perhaps only 10% o f  the lines i n  the region 1-2 micron 
were atomic. We therefore usually use a revised MK opacity ( M K I I )  which  
is identical t o  MK except a t  wavelengths of 1 micron or greater, where 
i t  has only 0.1 MK l ine  blanketing. A more extreme case occasionally 
used i s  MKC, which has 0.5 MK except i t  has no blanketing a t ,  o r  redward 
of ,  1 micron. 
I V .  DISCUSSION 
We i l lu s t r a t e  some of the features o f  the models by = few figures. 
Energy fluxes from the series of models i n  Figure 1 show n o t  only the 
changes i n  the shape of the curves b u t  also the changes i n  the appearance 
of the  strongest molecular bands for  models of different temperatures. All 
these models have (T12.01LIS0, P, M K I I )  w i t h  Teff ranging from 2500 t o  
5000°K except model 532 which has (250011.01LIS0, P, MK).  The difference 
i n  gravity has practicallj.  no effect  on the surface flux, b u t  the 
additional atomic l ine blanketing a t  1-211 i n  this model s l ight ly  reduces 
the flux there and forces more flux out i n  the visual compared t o  MK 11. 
Only a few small spectral features can be seen on the curve for  5000'K. 
These are  the CO fundamental vibration-rotation bands ( 0 . 2 0 ~ - ~ ) ,  the 
CO f i rs t  overtone (0.415~-'), and the CN AV = -1 (O.69vm1), A v  = 0 (0.90~"),  
and A V  = t 1  (1.075v-1) band sequences, All o f  these are considerably stronger 
i n  the 4000°K model, and the 2 . 7 ~  band of H20 has appeared ( a t  about 
0.365,?), Between 4000'K and 3000°K a drastic change occurs: a t  3000°K 
the CN bands have disappeared, and the H20 features are very strong. The  
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CO fundamental s t i l l  appears a t  about the same strength as before, b u t  the 
first overtone is blended i n t o  the stronger H20 feature a t  2 . 7 ~ .  Other 
H20 bands appear a t  0 . 5 4 ~ ‘ ~  (the 1.911 band) and a t  0.7OU-l (the 1 . 4 ~  band). 
The H20 bands are much stronger i n  the 2500°K model. The change i n  slope 
of the energy curve a t  1 .6~-1 i n  a l l  the models i s  caused by the onset 
of strong atomic l ine blanketing. 
In Figure 2 are plotted f l u x  curves o f  4 carbon s tars  which differ  
only i n  effective temperature. A1 1 have compositions characteristic of 
materi a1 rather completely processed through the CNO b i  -cycl e. The 
identifiable spectral features are the same as those i n  the models w i t h  
solar composition b u t  generally their  strengths are greatly different. 
One sees the fundamental vibration-rotation bands o f  CO (0.2h’l), the 
f i r s t  overtone of CO (0.41 5p-’), and 
Av = -1 (0.69p-l), AV = 0 (o .gO~- ’ ) ,  
The AV = +2 ( 1 . 2 2 ~ ~ ’ )  is present b u t  
the CN AV = -2 (O.49vm1), 
AV = i 1  (1 .075~‘~ ) band sequences. 
does n o t  show well due to  the 
coarseness of the frequency g r i d  of 57 points. Wi th  270 points this 
feature is  clearly present. A change i n  slope again appears a t  1.6p-’, 
b u t  i s  smaller t h a n  i n  the models of Figure 1 .  
To study the effect of varying chemical composition i n  s ta rs ,  we have 
computed a series of models w i t h  (35OO/O.O/CC/SO,P,MKC) and have varied 
the chemical composition over wide ranges. These values were chosen to  
be fa i r ly  representative o f  supergiants of classes MO-3 and of several o f  
the hotter irregularly variable carbon supergiants. As a matter of fact ,  
i t  i s  particularly i n  the giants and supergiants where we expect to  see 
extensive changes i n  the chemical composition from that of the sun because 
of nuclear processing and mixing .  As has already been pointed o u t ,  the 
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models are sensi t ive t o  the amount o f  atomic l i n e  blanketing adopted. 
For reasons given elsewhere, we have consis tent ly  adopted the l i n e  blanketing 
scheme o f  Mutschlecner and Ke l le r  (1970, 1972). These s t a t i s t i c s  o f  course 
were taken from the sun, and t h e i r  a p p l i c a b i l i t y  t o  cool s tars  i s  s t i l l  an 
open question, since very l i t t l e  has been done i n  the way o f  determining 
precise l i n e  blanketing parameters f o r  these objects. 
evidence (Mi l ford,  1950) t h a t  l i n e  blanketing f o r  supergiants may even be 
greater than t h a t  f o r  dwarfs; a t  least ,  t h a t  i s  the case a t  F5, the lowest 
temperature a t  which M i l f o r d  has s t a t i s t i c s  f o r  both the g ian t  and dwarf 
o f  the same spectral type. Most previous models f o r  cool s ta rs  have no 
atonic l i n e  blanketing. Clear ly  it i s  a step toward the t r u t h  t o  apply 
some blanketing, but we must be carefu l  not  t o  overblanket the star,  since 
t h i s  might produce some spurious ef fects .  
we have therefore proceeded t o  use only  one-half o f  the MK blanketing, 
except longward o f  1 micron, where we have dropped a l l  atomic blanketing 
since most o f  the blanketing i n  the sun and elsewhere i s  probably molecular 
i n  t h i s  region, This scheme may o f  course underblanket the model but  
a t  leas t  w i l l  be nearer t o  the t r u t h  than previous models, and w i l l  run 
no danger o f  leading t o  f a l s e  conclusions by overblanketing. I n  any 
case, since we hold the blanketing the same f o r  a l l  o f  these models, 
we can observe the d i f f e r e n t i a l  e f fec ts  o f  chemical composition. 
Th?re i s  some 
For t h i s  ser ies o f  models, 
The ser ies o f  models described here can perhaps best be v isual ized 
i f  one imagines an arrangement o f  chemical composition by the r a t i o s  
C/H and C/O as shown i n  Table 6. We invest igate then the consequences o f  
separately reducing the r a t i o  C/H and O/H from the so lar  value and o f  
e i t h e r  decreasing the r a t i o  C/O o r  increasing i t  t o  the region where 
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photosphere a1 1 models 
opacity i n  a l l  of t h e m  
i n  any of these stars 
oxygen deficient) ,  the 
agree since 
Since H20 
they are a i  
atmospheres 
C/O > 1 .O. We also investigate the possibility t h a t  C/H may exceed the 
solar value by as much as a factor of 10-100, which i s  a t  the extreme 
of the range suggested (Tsuji, 1967; Qurrci ,  Querci and Kunde, 1971) for 
carbon stars.  
depleted from the solar value into nitrogen as might  be expected through 
CNO processing although we !lave r u n  some cases where nitrogen was l e f t  
a t  an arbi t rar i ly  low or h i g h  value or carbon was added to  simulate 
material processed through the triple-alpha mechanism (3He + C ) .  
cases we have kept the abundance of the other chemical elements equal 
t o  the solar (L)  value. 
I n  most cases we have converted the carbon or oxygen 
In a l l  
In Figure 3 we display temperature-pressure relations for a series 
of models which differ only i n  the ratios of C/H and N/H; a l l  have 
(35OO)O.O]SO, P,  LBC) .  Besides a model w i t h  solar  composition (Kl), 
there are models w i t h  C/H reduced from the sun by a factor of 10 (K3) 
and by a factor of 100 (K4). 
verted to  N ,  as i n  the CN cycle. 
In each case the C depleted has been con- 
In Figure 4 are shown temperature-pressure structure for models 
which have C/H = 0.10 of the solar value bu t  d i f fer  i n  the r a t i o  C/O. 
Table 1 gives the chemical composition f o r  these objects. 
span the range from a C deficient supergiant t o  the values expected i n  a 
carbon supergiant. 
These models 
Two imPortant effects are occurring i n  these models. Deep i n  the 
H- i s  the most important source of 
i s  not  an important source of opacity 
fa i r ly  warm and d l l  b u t  K3 are 
are f3ii'ly transparent. As one 
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progresses from model K3 through K12, the only  parameter changing i s  
the oxygen abundance, which i s  systemat ical ly decreasing. This reduction 
i n  the oxygen allows increasing formation o f  CN, an important opaci ty 
source. Therefore models K3 t o  K12 are i n  the order o f  progressively 
more CN opaci ty and hence lower pressures f o r  the same temperature. This 
same deplet ion i n  oxygen decreases the amount o f  CO i n  the atmosphere 
and therefore decreases the surface cool ing due t o  CO (Johnson, 1973) 
Thus the s tars  have a monotonic change i n  the surface temperature. 
fact ,  Model K12 i s  so severely depleted i n  both C and 0 t h a t  the molecule 
CO i s  essent ia l l y  neg l ig ib le  as a cool ing agent i n  the outer atmosphere, 
An in te res t ing  question concerns the s t ructure o f  carbon s ta rs  as 
one changes the C/H r a t i o .  This r a t i o  i s  unfortunately poor ly known -- 
i t  i s  not even known whether i t  i s  greater than o r  less than the so la r  
value -- and i t  i s  necessary therefore t o  span a wide range i n  t h i s  
parameter. We have therefore chosen a series o f  models w i t h  the r a t i o  
C/O = 2.00, about what would be expected i n  a carbon star.  We have then 
varied the C/H r a t i o  from 0.10 t o  10.0 times the solar value. The r a t i o  
N/H has also been varied, as given i n  Table 1. The temperatwe-pressure 
structures o f  several such models are shown i n  Figure 5. 
important comments t o  make here, 
not agree even i n  the photosphere. The reason i s  t h ? t  CN has now become 
so important i n  some o f  these models t h a t  i t  dominates over H- even i n t o  
the photosphere and therefore the s t ructure i s  changed even as deep as 
~ ( 1 p )  = 13. 
the series of models shown i n  Figure 4. 
has the lowest pressure o f  those atmospheres, i n  these atmospheres i t  
There are three 
I n  the f i r s t  place, these models do 
I n  some ways t h i s  s e r i e s  o f  models forms a cont inuat ion o f  
That i s ,  whereas Model K12 
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has the highest pressure. The reason f o r  t h i s  i s  simple: as one goes 
along the sequence from K12 t o  K15 t o  K18 one i s  holding the r a t i o  3/0 
constant but increasing the r a t i o  C/H. That i s ,  one i s  incpeasing ths  
amount o f  carbon and oxygen i n  the s t a r  although keeping t h e i r  -3 t io  
constant. The change i n  the s t ructure which appears throughout most df 
the atmosphere i s  due t o  the increasing importance o f  the molqcule CN as 
i t  was i n  the other models. 
the opaci ty due t o  CO produces some in te res t ing  effect:. As has alreaciv 
been noted Model K12 contains so l i t t l e  C and 0 t h a t  there i s  almost no 
cool ing duz t o  the molecules CO. However, as one increases both C and 
0 i n  g.ring from K12 t o  K18 the cool ing o f  CO s t a r t s  t o  bexme important 
again and thest models therefore cross over each other near the outer 
boundary. The boundary temperatures f o r  models K15 and K18 are w r i t t e n  
on the f igure since the temperature i s  s t i l l  t a l l i n g  a t  the edge o f  the 
graph. Other models betweeti K12 and K18 f a l l  n i c e l y  i n  a sequence 
bracketed by the temperature-pressure s t ructure o f  these two models, 
I n  the extreme outer layers o f  these s ta rs  
Changes i n  the siirface f l u x  due t o  carbon deplet ion (as woltld 
r e s u l t  from processing by the CN cycle and mixing) are shown i n  Figure 6 
f o r  the same models whose T-p s t ructure i s  i l l u s t r a t e d  i n  Figlcre 3. 
As the carbon abundance i s  lowered, the CO bands are weakened, and the 
r e s u l t i n g  increase i n  f l u x  i n  the i n f r a r e d  caiises a s l i g h t  decrease irl 
f l u x  i n  the v isual .  
Figure 7 shows the e f f e c t  on the siirface f l u x  o f  varying the C/O 
r a t i o ,  s t a r t i n g  w i t h  model K3, a ;arbor! d e f i c i e n t  model, As the C/O 
r a t i o  i s  raised from 0.36 (K3) t o  2.00 (K12), the CN bands become very 
strong, The CO fundamental i s  r e l a t i v e l y  u n a f f x t e d  by the change wh-ile 
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the CO f i r s t  overtone (0.4~”) i s  weakened by the presence o f  Clu. As the 
CN bands b i t e  i n t o  the spectrun near the maximum o f  the f l u x  peak, 
s ign i f icant ly  more f l u x  i s  pushed out i n  the visual and u l t rav io le t .  
These changes i n  C/O were produced by lowering OjH while holding C/H 
constant (as i f  material processed through the CNO bi-cycle were being 
mixed t o  the surface). However, essent ia l ly  the same e f f e c t  occurs i f  
C/H i s  raised while O/H i s  held f i xed  (as i f  material processed by 3-a 
were being mixed t o  the surface), because the basic parameter i s  C/O. 
The spectral d i s t r i bu t i on  o f  tk surface eneqy f l u x  f o r  the two 
models K12 and K18 i s  shown i n  Figure 8, where it can be seen tha t  the 
two models d i f f e r  i n  enormous ways. ?he two most s t r i k i n g  differences 
are the CN bands which dominate the region between 0.5 and 1.51.1-~, 
whzre it i s  seen that  model K18, as expected, has greater CN bands than 
model K12. I n  addition, model K18 has much higher f l u x  (by a factor  of 30) 
i n  the vis11a1 region. Now it has already been pointed out (Alexander and 
Johnson, 1972) tha t  the CN bands f o r  a model l i k e  K12 are considerably 
stronger than those observed i n  the carbon stars f o r  which these 
parameters are thought t o  be character ist ic ( f o r  example, TX Psc). 
Possible reasons f o r  the discrepancy between these calculat ions and 
observations have already been discussed (Alexander and Johmon, 1972) 
but it would seem t o  be d i f f i c u l t  t o  explain such enonnous features as 
shown i n  model K18. I n  addition, one o f  the problems f o r  a l l  cool stars 
i s  t o  force the u l t r a v i o l e t  f l u x  down t o  values observed. Thus i t  would 
seem a serious disadvantage t o  model K18 tha t  i t s  u l t r a v i o l t t  f l u x  i s  
so much higher than K12. Either a large amount o f  addit ional l i n e  
blanketing or  circumstel lar reddening i n  the v i w l  rcclion would be 
required t o  force the  f l u x  o f  Kid down t P  2 va’ 5 t;; K12,  which I .. 
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i s  much nearer observations o f  such carbon s tars  as 19 Psc (Wi l ls t rop,  
1965; Wing, 1968, Fay and Honeycutt 1971). Yet we cannot completely 
r u l e  out such a composition as K18, f o r  i t  i s  j u s t  possible t h a t  C2 
opaci ty may provide both the weaken ng o f  the CN bands (by the C p  P h i l l i p s  
system) and the addi t ional  blue and u l t r a v i o l e t  opaci ty (by the C2 
Swan system) t o  produce agreement w i t h  observations even f o r  K18. 
Because o f  the known cool ing e f fec t  o f  CO i n  thc very outer layers 
of cool s ta r  atmospheres (Johnson, 1973), we desire t o  invest igate the 
e f f e c t  o f  CO molecules i n  these models. The resu l t s  are ind icated i n  
Table 7 which gives the boundary temperatures f o r  a number Q f  models. 
The changes are smooth and monotonic i n  the sense t h a t  as the  abundance 
o f  C o r  0 i s  decreased i n  the s t a r  the  cool ing e f f e c t  o f  CO i s  decreased 
and the boundary temperature i s  higher. 
The values o f  convective v e l o c i t y  and f r a c t i o n  o f  f l u x  car r ied  by 
convection (Table 4) show the importance o f  convection a t  a glance, t o  
the extent t ha t  the mixing-length theory i s  t o  be trusted. 
calculat ions,  the mixing length was taken equal t o  the pressure scale 
height. Our resu l ts  confirm the conclusions o f  Auman (1969) and Alexander 
and Johnson (1972) t h a t  convection plays a minor r o l e  i n  f i x i n g  the 
tempe;-ature-pressure s t ructure (above T x 5) o f  g iants and supergiants, 
but i s  very important i n  dwarfs. 
I n  a l l  o f  these 
Since molecular (and atomic) l i n e s  are too numerous t o  be included 
i n d i v i d u a l l y  i n  any blanketing scheme, it i s  necessary t o  take account o f  
them as some so r t  o f  mean opacity. Short o f  t r ea t i ng  ind iv idua l  l ines ,  a 
p icke t  opaci ty recomnends i t s e l f  -- the more pickets,  the bet ter .  Un- 
for tunate ly  molecular p icke t  opaci t ies (or d i s t r i b u t i o n  funct ion o9aci t ies)  
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have been calculated f o r  on ly  a few special cases (Querci, Querci and Kunde, 
1971; Carbon, 1972). Worse, no one has y e t  shown how t o  combine p icke t  
opaci t ies fo r  several molecules i n  the  same wavelength region, especia l ly  
when one desires the  freedom t o  vary the chemical composition. I n  h i s  work 
on cool stars, Auman (1969) used a harmonic mean. 
f l e x i b i l i t y ,  then, we have cons is ten t ly  used s t r a i g h t  mean opac i t ies  
(one-picket) averaged over i n t e r v a l s  o f  100 an". Now a s t r a i g h t  mean 
opacity e r r s  i n  f a i l i n g  t o  take account o f  the  narrow "windows" i n  the  
molecular opacity through which f l u x  can escape. We can estimate the  
possible e r ro r  involved i o  the use o f  the s t r a i g h t  mean by comparing the 
resu l t s  o f  a ca lcu la t ion  w i t h  a s t ra igh t  mean opaci ty  and a " rea l "  
opacity. 
absorber by se t t i ng  the  CN opaci ty  t o  zero a t  a small f r a c t i o n  o f  the  
wavenumber in te rva ls .  We have made such a comparison f o r  a se t  o f  
models w i th  (3,50010.01C/H = C.10 solar; C/O = 2.00lS0, P, MKC) where 
a(CN) was set  t o  zero a t  5, 10, 20, and 40 frequency points  ( i n  models 
w i th  270 frequency points). The po in ts  were chosen t o  include some o f  
the strongest CN absorptions. 
points, the maximum change (from the model w i th  f u l l  CN) was less  than 
75'K, and there was - no threshold e f f e c t  (no e f f e c t  due t o  making a few 
frequencies transparent). Even the r e l a t i v e l y  small change o f  75'K 
i s  due no t  so much t o  the f a i l u r e  o f  the s t ra igh t  mean as i t  i s  t o  the 
f a c t  t h a t  we have simply reduced the  overa l l  absorption i n  the atmosphere. 
The decisive t e s t  i s  the lack o f  a threshold e f fec t ,  from which we 
can only  conclude t h a t  the s t r a i g h t  mean opacity represents CN f a i r l y  
well .  
For s i m p l i c i t y  and 
As described elsewhere (Johnson, 1973), one can simulate a rea l  
Even w i th  CN transparent a t  40 frequency 
A s i m i l a r  conclusion f o r  CO was reached e a r l i e r  (Johnson, 1973). 
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I n  fact, another independent and probably more str ingent t e s t  o f  the 
opacity was inadvertently performed. By mistake, we read the CN 
opacit ies i n t o  the machine program backwards ( large wavenumbers switched 
f o r  small) a t  an ear ly stage of the work. The resul tant  curve o f  surface 
f l u x  was u t t e r l y  fantastic, but the temperature-pressure r e l a t i o n  was very 
close t o  the correct value! Apparently the atmosphere senses the opacity 
i n  some global way. Even though these evidences are encouraging, however, 
we must expect straight-mean opacit ies (single-picket) t o  be superceded 
by mult ip icket opacit ies o r  opacity d i s t r i b u t i o n  functions w i th in  a few 
years. We therefore regard these models as exploratory resu l t s  which show 
the most important features o f  cool s t e l l a r  atmospheres o f  various 
compositions . 
The models i n  t h i s  g r i d  have been computed wi th  no turbulent pressure, 
Yet i s  i s  well known tha t  analyses o f  spectral l i nes  i n  cool g iant  and 
supergiant stars often y i e l d  f a i r l y  high turbulent ve loc i t ies (sometimes 
even supersonic). Adding turbulence has the e f f e c t  o f  decreasing the 
gas pressure, but the opacit ies (because they are s t ra ight  means) are 
unchanged. This change i n  gas pressure can be seen from comparing models 
L3 and L4, which a r e  ident ica l  except t h a t  L4 includes the pressure due 
t o  turbulence with the turbulent veloci ty equal t o  the sound velocity. 
Although the pressure i s  great ly changed by the additiisn o f  turbulence, 
the T-T re la t i on  i s  affected only s l i g h t l y ,  and the emergent f l u x  d is-  
t r i b u t i o n  o f  the two models i s  v i r t u a l l y  ident ica l  (differences are 
generally less than 5%). 
Many theoret ical  models o f  cooler stars contain a density inversion 
deep i n  the atmosphere (for example, several o f  the xodels o f  Auman (1969) 
25 
and Carbon and Gingerich (1969)), and this is also true of some of the 
present models. The appearance of such inversions was noted by Vardya (1970), 
b u t  whether these actually exist  i n  s t e l l a r  atmospheres or are an a r t i fac t  
of the theoretical models (perhaps due t o  an improper treatment or con- 
vention) is still unsettled. 
Some o f  the effects of hydrogen deficiw.'y i n  a s t e l l a r  atmosphere 
can be simulated by increasing He, C, N, and 0 relative to  H.  In c' rough 
way we have done this i n  models K23 through K27. 
held constant (a t  approximately 10 times i t s  solar value) and C and 0 are 
increased. As this occurs, CN becomes the strongest opacity even i n  the 
photosphere. Between K26 and K27 the He/H rat io  is i:icreased by a factor 
30. T h i s  increase of He tends to  decrease sl ightly :,he strength of the 
CN features and to depress sl ightly the ultraviolet f l u x ,  both of which 
happen to  be i n  the direction o f  better agreement w i t h  observation, b u t  
we attach l i t t l e  significance to  this fact  without much more study. 
In this series h/H is 
In view of the cooling effects of CO i n  the outer atmosphere, one 
cannot help wondering whether other molecules produce similar results. To 
se t t l e  t h a t  question would require a considerable effort  though the answer 
might  easily be worth the exertion. We have begun t o  provide a partial 
answer by looking a t  the effect of H20 alone. In the one p a i r  o f  models 
studied, w i t h  the parameters (3000/2.0/L) , one model has only the usual 
hydrogenic opacities (SO minus molecules) while the other model has H20 
i n  dddition. The model without H20 has a boundary temperature of 2460 'K, 
whereas the one w i t h  H20 has 1490 OK and considerable photospheric back- 
warming, 
produce large effects i n  the outer atmosphere, and these should be 
I t  appears, then, t h a t  other molecules besides CO may also 
26 
carefully studied. Such a study should include a better representation 
of the spectral lines than a mean opacity, which averages out the strongest 
lines and therefore underestimates the cooling a t  the surface. 
While the study of cool s t e l l a r  atmospheres i s  st i l l  i n  a pioneering 
stage, the model atmospheres given here correctly reproduce several ob- 
served aspects of real stars.  Much more work needs t o  be done on molecular 
and atomic opacities -- both on the identification of spectral features 
and the theoretical representation of these absorbers. A spherical geometry 
is desirable for supergiants. A better treatment of convection is needed. 
Many other improvements are also desirable (Johnson, 1972), b u t  the series 
of exploratory models given i n  this report represent a definite step for -  
ward. We hope they f i n d  wide use. 
Cool s tars  are objects of great interest  nowadays, and several valuable 
papers have appeared d u r i n g  the preparation of this  work for publication 
(see Supplementary References, page 95). 
now been applied t o  N and S stars  (Scalo and Ulrich, '473) as  a mechanism 
for mixing  processed material t o  the s t e l l s r  surface. tmospneric aodels 
for carbon s tars  have been computed by two groups using opacity distribution 
functions for  CN (Carbon, 1974) and CN,  C 2 ,  and CO (Querci , Querci , and 
Tsuji , 1974). 
The plume theory of convection has 
27 
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Characteristics o f  Selected Model Atmospheres 



















































































O/H=5.89€-4, C/O=O. 060 
C/H=3.55E-5, N/H=9.57E-4 
O/H=3.55E-5, C/O=l .OO 
C/H=3.55E-5, N/H=9.57E-4 
O/H=3.55E-5, C/O=l. 00 
C/H=3.55E-5, N/H=9.57E-4 


























































Table 1 (Continued) 
Model Teff (OK) Log 9 Chemical Opaci ties Seq. No. 
No. Composition 
530 3000 1 .o 
531 2800 1 .o 
532 2500 1 .o 
535 2300 1.0 
~ ~~~~ ~~ 
156121 L* SO ,P ,MK 
L* SO ,P ,MK 156139 
L* SO,P,MK 167390 









O/H=5.89E-4 , C/O=O. 06 
C/H=3.55E-6 , N/H=4.04E-4 





C/H=3.55E-4 , N,'H=4.96E-4 
O/H=l .78E-4 , C/0=2.00 
C/H=7.10E-4, N/H=9.92E-4 
O/H=3.55E-4 , C!0=2.00 
C/H=3.55E-3 , N/H=4.96E-3 
O/H=l .78E-3, C/0=2.00 
C/H=3.55E-3 , N/H=l .00E-2 
O/H=l .78E-3 , C/0=2.00 





O/H=7.10E-4 , C/0=50.0 





SO , P ,MKC 
V1526 
213344 




















































215725 0 .3  
4.0 
SO , P ,MKC 
SO,P,MK I 1  214092 
*These models have L snly for C, N, and 0. Metal abundances are as in: Goldberg, 
**K27 has exactly the same parameters as K26 except He/H=3.00 in K27. 




Detai 1 s of Sel ected Hodel At . .  ,spheres 
TEFF 5010 LOG t 1.000 NAVE 10000 Sl 
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Table 2 (Continued) 
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Table 2 (Continued) 
TfFF 4000 COG G b.OOt YAVE lG000 
M 1.0000E*GL ME 1.00COE-01 C - I- -_ . . . . . 
1 AU 1 P XNE 
1 0.0 2729.0 8.049E*OL 1.609EtOI 
2 I.QOOE-05 2750.2 1.61GE*01 2.897€*08 
3 1 . S 9 E - 0 5  2753.9 1.817EtOl 3.212Et51 
4 1.56SE-05 2757.6 2.076EtOl 3.597Et08 
7 -*it- 2i390€+M *.%9€*W 
6 2.512E-05 2767.5 2.8d2E+Ol b.b55E*J8 
7 3.162E-05 2773.0 3.305€*01 5.367Et38 
8 3e98lE-05 2778.5 3.332E+Gl 6.23DFt98 
9 5eQt2E-05 2785.4 4.7l lE*Ol 7.296E*J8 
10 6.3lOE-05 2792.7 5.682EtGl 6.594E*O6 
S A  0 . ~ ~ ~ ~ ~ ~  
13 1 .259E-OC 2819.5 l.J25E*OZ 1.4C9Et09 
14 1.585E-04 2830.8 1.255€*02 1.74OEtJ9 
1 5  1.995E-05 28C3.3 1.54CEt02 2. G97E*09 
16 2.512E-04 2856.8 1.893Et02 2.533Et39 
1. S - - 3 7 # 6 € *  
18 3.98lE-04 2W9.6  2.86lE+O2 3.737EtJ9 
2 9  6.310E-04 2928.6 1.323EtO2 5.5b2Et09 
2 1  7.M3E-Oh 2950.1 5.307E*02 6.297€*09 
2 2  1.00OE-03 2973.0 6.501EtO2 8.316Et09 
W M * t 3  
24  1.585E-03 3023.6 9.738Et02 1.249FtIO 
25 1.995E-93 3049.2 1.109Et03 1.528E*10 
2 6  2.512E-03 3077.1 1.4bOEt03 1 .873E* lS  
2 8  3.98lE-03 3130.7 2.136E*OJ 2.787E*lC 
V J  a r S 6 ; 3 - & 5 t m w m  3 a 9 9 € * 1 3  
30 6.3lOE-03 3185.0 3.120Et03 4.120EtlO 
3 1  r.943E-03 3210.3 3.173Et03 4.978€*10 
3 2  l.JOOE-E2 3235.8 b.S43E*03 b.OCSE*lO 
33 1.259E-02 3260.6 5.457E*C3 7.219€*10 
34 1.585E-02 3284.0 6.542EtG3 8 .640Ft10  
1 t.*W+Q3-- t.WSf*lt 
3 6  2.512E-02 3331.0 9.342E*C3 1 . 2 3 2 L t l l  
37 3 .16e f -e2  3355.8 1.113E4Ob 1 . 4 6 b E t l l  
30 3.981E-02 3381.6 1 .322€+04  1 . 7 1 7 E t l l  
39  5.012f-02 34G9.0 1.566EtCl 2.082E*ll  
4 0  6.310E-02 3439.1 1 . 3 5 1 E t 0 4  2 . 4 8 7 E t l l  
---3t+trb---trfbfftet e.*- 
4 2  1 .OOOE-01  3509.6 ?.561E*Ob S.58SE*ll  
403 I.259E-01 3552 .2  i .997EtO4 4 . 3 3 9 E t l l  
44 1.585E-01 3599.4 S.(r93E+G4 5.282€*11 
95 1.995E-01 3653.5 4.054E*G4 6 . 4 9 4 E t l l  
b6 2.512E-01 3714.5 4.63CE*CC 8.:60E*ll 
+ I  P - m . 6  3.388'€+W l . f l 3 E t t 2  
b8  3.98lE-01 3861.7 b. lblEtG4 1.289€*12 
99 5eOl2E-01 3950.4 7.0U9E*Cl 1.666€*12 
50 6.310E-01 4050.2 7.928EtOk 2.19CEt12 
5 1  7.943E-01 4162.9 8.92CEtOb 2.886€+1'! 
52 1.000E400 4291.4 9.984E+04 3.8bJEtlZ 
53 1.2596*00 4433.6 1 . 1 1 3 E t 9 5  5 . 1 5 4 E * l Z  
54 1.58SE*00 4591 .1  1.237Et05 6 . 8 4 2 E t 1 2  
55 lr995EtOB 4763.2 1.374E*C5 8.9SBE*12 
5 6  2.512Et00 (r9C9.7 1.528Et05 1.154€*13 
57  3.162LtOii 5159.7 1.7r)3E+O5 1.483€*13 
5 8  3.961E*00 5381.0 1.9JlEtG5 1.916€*13 
,-a W--Prt*?W- t.+!=F*t3 
bo 6.310Et00 5927.8 2 r  332Et05 4.137L+13 
61 7r9b3€+00 6201 .6  2.526Et65 6.7386+13 
6 2  l ~ O O O E * G l  6451.9 2.695Et05 1.049C*14 
6 3  ia259EtOl 6673 .9  2.85+€*05 1 . 5 6 3 E t l l  
6C l.S8SE*Ol 6873.7 2.997EtG5 2.215€*14 
- 
12 1.DOOE-04 2809.7 8.387E*Cl 1.212€*09 
- 
19 5 . 0 m - e h  2908.0 s . s i a ~ + t ~  ~ . S S S E ~ O ~  
e7 s . ~ ~ z E - o ~  3 i o s . b  i . 7 6 0 ~ + 0 3  2 . 2 0 9 ~ t i a  









































8 8 Z l E - 0  8 
t.fiW€-tt 
1.19bE-07 




2 ZWC-E 7 
2 -563E-C 7 
2.63bE-07 









1. a m - o  o 
4,824E- 0 7 
5.14YE-il7 










1 695EtO 3 
1.672€*03 
1 e6b6EtOS 








1 2?8E+ 0 3 
Z.eclPTe3 





l .C tC€+U3 
9.763Ee02 
9 e 386E+ 0 2 
9 OO8E* 0 Z 
U .632E*02 
8.256Ee 02 
? .# lEtbt  
7.508E*OZ 
















1.229E+ G 2 
9.151€*01 
1.619€*03 





-3 .  tO6Et 0 1  
-6. 6 4 9 E t  0 1 




-2.707Et 0 2  
-3.C18Et02 
-3.284E+O2 
-3 519Et J 2 
-3 735E*02 
-2. 3 4 8 ~ t t t 2  
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Table 2 (Continued) 
5 5  TEF' 1000. L O G  t ?.OOO YhVE 10OCO. 












1 1  7.91JE-05 
1 2  1-OOOE-01 
13 1.?59€-01 
1 1  1.585E-01 
15 1-995E-01 
1 6  2.5lZE-01 
17 30162E-01 
1 8  S.98lE-01 
1 9  S.012E-01 
20 6.310E-01 



















1 0  6. l lCE-02 
11 7.913E-02 
1 2  1.000E-01 
13 1.25%-01 
11 1.585E-01 
1 5  1.995E-01 
16 2.512E-Cl 
1 7  3.1SZE-01 
1 8  3.981E-01 
19 5 . 0 1 2 E d I  
5 0  6.310E-01 
51 7.913E-01 
52  1.000E*00 
53 1.259€*00 




5 8  3.981E*00 
















































































1 f87E-C 1 
5.115E-Cl 
6. SlOE- 01 
7 0833E-Cl 
9. 17bE-01 
1.1 51 E*CC 
1 .403E*CC 











2*1CIE* 01  
Z.C91E*Cl 
3.357E. 01  
1.187E*Ol 
5. 225E* 01 






















1.708Et 0 3  
5.649f  *C3  
6 .759€*03  
















1.5 ? 9E*  07 
1.871E*C7 






















5.C16E 4 9  








3.973E * l C  
5.189E*lC 
6.8 27E* 1 C 
9 .C26E +IC 
1 .197E*l l  
1.59CE *11 
2 .lC?E *I1 
2.778E 11 
3.C4CE*li 
1 . 7  22E*ll  
6 .C54E*ll 
3.25CE*06 
C.7C7 E *06  
8 S90E* C6 
1 - 3 1  1 E  *E7 
2*213E*O? 
7.7 I S E  *11 
9 .871E*l l  










R W  
6 - 996:- 1 3  






3. JCC E - 1  2 
1.931:-12 













6 157 K-11 
7.544 E-I 1 
9 -251 E-1 1 
1 -13%-IO 
1 e395E-lC 
1 - 7 17 E- I C  
2.XlSE-lC 
2-608E-10 












3 .S29E- 09 
1 2 52E-t  ? 
5.111:-09 







I .  93 ~ E - O  a 











3 . 0 5 9 ~ - ~  a 
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Table 2 (Continued) 





6. i i i ~ - a 3  
6 . 3 i 9 ~ - 0 3  
6. I ~ ~ E - O J  

















5 .941~-03  
4.967E-03 
b.IC7E-03 
3 . 8 7 0 ~ - 3 3  










3 . 3 3 0 ~ - 0 3  
3 . 0 3 5 ~ - 0 3  










3 6 7 IC -0  3 
4.787E-03 
1 019E-0 2 





m f - M  
6 . 7 8 3 ~ - 1 1 3  
- 
4. ~ ~ O E - I I ~  
Table 2 (Continued) 
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Table 2 (Continued) 
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Table 2 (Continued) 
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8 1  OSZE*OO 
91 1ilE*00 
1 ,19 IE*Ol  
11 462E*O1 
l a  78ZE*Ol 
2a l b @ E * O l  




















Table 2 (Continued) 
J 13 
3212.7 



















Table 2 (Continued) 
TEFF 3OJt LO6 G - 2 e O J O  WAVE 10040 XIS 
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Table 2 (Continued) 
TEFF 3500.  L O G  C 0.000 u a r t  ICCCC. 316 
H 1.0000f*00 t i €  l.Ol)ljO€-nl C 3.55OOE-05 N 9.51006-04 0 3.5>00E-05 
r 4u 















16 2.5121 04 
17 3.162E-04 
18 3 . Y B l E - 0 4  
19 5.012E-04 
20 6.31OE-04 
















38  3.981E-02 
39 5.012E-02 
40 6.3106-02 
4 1  7.943C-02 
a 2  1.000t-01 
43 l.Zi9E-01 






5 1  7.943E-01 
52 1.000E*00 
53 l.Z',JE*00 
5 4  1.585E*00 
55 1.995Et00 
56 2 . 5 1 2 E + 0 0  
57 3.162E100 




6 2  1.00OEtOl 
63 l.ZSYt*OL 
64 1 . 5 8 5 E t 0 1  
65 1.995E*OL 
32 1 .ooot-nz 
48 3.9at~-ot 
I 
2430 .8  
2459.9 












2 5 4 6 . 5  
2491.6 
2553.1 




































' ,711 .7  
4957.4 





m n o  .5 
7 1 9 5 . 3  
4113.5 
6438.2 
6773 .6  
P 
2.323k-03 
5.2 35E - 0 3  




1. 2 9  3t -02 
1.53Rt-02 
1. 8 3 5 t - 0 2  
4 .6 C ~ E  -03
I. ~ 9 4 ~  - 0 2  
2 .  i9a~-o2 
2 . 6  WE-02 
3.830E-02 
4 -62 I€ - 02 
5.100E-02 
6.785E-02 
8.2 31E - 02 
1 .Z 16t -01  
1. * B O €  -0 1 
1. IJC'tE- 01 
2.2011 - 0 1  
2 . 6 b H t - 0 1  
3.287t; - 0 1  
4 . 0 2  1E -01 
4.930E -0 1 
I. 047E- 01 
1.426t-Cl 
9. LZ8E-01 
1.12 + E t 0 0  
1.706E*00 
2.105Et00 
2 6OOt + O O  
3.911ttCO 
4.Y27E *OO 
6.1 LUE t o 0  
7.51)7E*00 
9 . 4 3 4 t  + 00 
1 . 1  7Gt * o  1 
1 . 4 7 0 E  t 0  1 
1. Y 44E *0 1 
2.3251 * 0 1  
2.449€+01 
3.714C*01 
4 . U 8 3 t t O l  
b.~u4t+ni 
R.531EtOl 
I .  156: * U Z  
1.597c t o 2  
2 . 2 3 R E  to2 
3 .1541*02  
4. j I O L * 3 2  
5. '449E t o 2  
I .M06t * O 2  
9. ! 2 6 € + 0 2  
1 ,  i 3 6 t t 0 3  
1 . 2 5 f l t ; * 0 3  
1.3'.5E * 0  3 
1.407E + 0 3  
3 . 1 7 ~ , - 0 2  
9.999~ -02  
1.384~ t o o  
3 . 2 1 4 i  *00 




2.94 3 t- 14 
.3O9t-14 
2.75dE-14 








1 . Y 5 6 E - l j  
2.350E-13 
2 . 8 3 2  E - 1  3 
3 . 4 1 Y E - 1 3  
4.131 t- 13 
4.99L)C-13 








5 '325E- 14 
a . s i 6 ~ - t 3  
1.60!at-12 
4. ~ a t - 1 7  







7.ZCSc- 1 1 
2.70GE-11 












4 . 3 l b E - L O  
6 . 5 4 7 t - 1 0  
H . 8 2 3 t - L C  
1.193E-09 
1 .'191 i-' f 




3 . 6 O G E - O Y  
3.5 7 4 L  -03 
% .+91 t-C9 
7.37 1 I--09 
2 . O ~ O F - O ~  
KAPP4 
3 772 C-0 3 





4 .903E -03 
5.0586-03 
5 - 2  1 bE-0 3 
5.3YOE-03 
5.57:, -03 
5.757 c - 0 3 
5 -95 I C 4 3  
6.153t-03 
6.361E-03 














9.47 7E -03 
9 658E-03 
9 -8  33E-0 3 
1.000E-02 
1 - 0  17t - 0 2  
1 - 0 3 3 E - 0 2  



















4 -29 1 E-03 
4 . 1 3 1 c - 0 3  
4.1 H9 t - 0 3  
4.119t-03 




7 .  j A 5 L - 0 2  
1 . O Z l t - 0 1  
I .as3t-oi 
H t K M l  
1.940E *0 7 
l . B l l t + O  - 
l.792€*07 
i.iii~tn7 
1.749E *O ? 
1.725E +07 
1.700Et07 
1 -674 E t07 









1.3 14t t07 
1.2496*07 
























4.384E t 0  .'
3.48OEt06 
2.997E 406 
2 . 4  86E * 0 6  
1.939E t 0 6  
1.348E +06 
1 .  OSOE tu5 
0. E *00  
-7.736€+05 - 1.6 14 t 406 




-6 .248EtU6  
-6.600Etn6 
-7.015EtU6 
-7.137€*06 - 7.22 1 E +l!6 
3.940€*06 
- 4 . 2 5 I t t 0 6  
-be 644 € * O b  
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Table 2 (Continued) 
J I8 1 9 '  3500. LOS t 0.000 YAUE IOOOCo 













I 2  1 . 0 0 Q - C I  





1 0  3.¶@1E-m 
1 9  L O I t E - 0 1  
20 C.3lOL-01 
21  1.913E-01 
22 1.c00E-03 
2 3  1 .2SX-03 
21 1.5@5€-03 




2 9  5.012f-OS 
50 6~310C-03  
31 7.91SE-03 
st 1.COOE-C2 








1 2  1.00OE-01 
1 3  1.259E-Ol 
11 1.585E-01 
-5  1.99%-01 
16 2.Sl2f-01 
1 7  3.162E-01 
1 9  5.OlZE-01 
50 6r3l'JE-Ol 
51 7.91fE-01 
52 l . O C C E * C O  
5 1  lOZf9E*JC 
51 1.585E*OC 
5 5  1.995E*00 
56 2.512C*00 
5 7  3.1S2E*OO 
so 3.98lE*OC 
60 60310E*00 
62 l . C O O E * O l  
ra  6 . 3 1 o ~ - o z  
ea s.JaiE-or 
s9 S . ~ I Z E * O O  
6 1  ?.913E*00 
















z a s a a  
25200 1 




















276- - 5  
270?. 3 
































'i. 23%-03 . .95ac-c3 
6.811E-OS 
7 0951 c-03 
902¶¶€-03 
t d ~ E - 0 2  












1.2 lCi-01  
l . 1 a o E - c l  




1. 02  3E- 01 
1.93OE-01 
6.017E-01 











? . f O ? E * O t  
l .l76E* 01 







1.59?E* 02  
~ . Q S B E *  ac 
I . ~ I O E * O I  
2.919~* a i  
2.238E*CZ 






I 25BE* 03 








3 -762E * C f  
1 0 212E *os 
1 .ass€ *c5 




9-05 i: *C5 
1.118E*CC 
1 . X w E * U  
1.5C2E.OC 
1 .@25E*C6 
2.1 37E* OC 
2.503E*OC 
2.932E 4 6  
3.112E*OC 
1 4 1  6E *OC 
1 . 7 S9E*OC 
5 .6C ?E *06 
C.C2JE*06 
1 .m*E *cc 
9.290€*06 
1 .lCCE*C? 
1 . 3 2 0 ~ * 0 7  
1.58CE*O? 
1.90lC*07 
2.295E 4 7  
2.78@E*Ol 












6 .O19t * C 8  
O.IS6E*OO 
















6.559E * l Z  
1.220E*t 3 
0. o a x *  11 
3. SO2E* 12 
am 
l , l¶9E-  I4 
2.¶13E-l1 
3. fO9f- 11 
s . ~ s a ~ - i @  
1. ICOE-IC 
1.994E-I1 
f.lJ25f- 1 4  
6.035E-11 
6.C6C f-I1 
3 .SCOE- I1  
1 .* 3 OE-1  3 
1.359f-lS 
1.62 If-1 3 
1.¶51:-1s 
2. 35C E-1 3 
2.0 122- 1s  
3oll9Z-13 
1.131 E-13 
1 0 996:- 13 
6.CSSE-lS 










7 0 9C9E-  12 
9 . 762E -1 2 
1 196 E-11 
1 .*66E-I 1 
1.7 38 E-  11 
2.2CSE -1 1 
Z.7C6E-11 
3.3215-11 




9-773i -11  
















3. 60bF-C 9 
7.57BE-09 
?.19lE-C9 
5-37  1E-09 
I . 0 a 3 ~ - 1 2  
t . 3 1 ~ 5 ~ - 1 2  
54 
Table 2 (Continued) 
SI9 TEFF 3500. LO6 6 2 o C O C  Y A W  1CtCC. 













13 1 . 2 s x - 0 4  
14 1.SOSE-OI 
15 1.99SE-OI 
16 2 .5 lX-04  
17 3.162E-04 
10 3.901t-OI 
19  5.012E-OI 
M 6 ~ 3 1 0 E - O I  
21 7.9ISE-04 
i z  i.oam-a1 
2 2  i.oom-as 









3 2  1.oooE-02 
33 1.2SW-02 
3 I  1.505E-02 
35 1.9¶5E-02 
36 2 .518-02  
37 3.162E-02 
S I  3.961E-02 
39 5.01ZE-02 
4 0  6.31OE-02 
41 ? . ¶ I f E - O Z  
42 1.oooE-01 




4 7  3.162E-CI 
4 8  3.961E-01 
49  5.012f-01 
S O  6.31CE-01 
51 7.9ISE-01 
52 l . C O O t * O C  
53 l . ; 5 9 t * O C  
5 4  1.585E*00 
55 1=995E*CO 
56 2.512€*00 
5 7  3.162E*00 
5 9  3.981E*OC 
59 5.012E*OO 








2 7  SI. 1 
273% 5 
2734.1 































































2 .65¶E- 01 
3.308E-01 
3. 067f- 0 1 
4.I5SE-01 
5d51E-Cl 
6. 010E- C l  
? .ozx-ai  
0 2 4 1 E d l  
9- 7 0  SE-01 









o . i ss~*ac  
9.7 77E*OC 
1 .l75E*Ol 
1 . I l  JE* c 1  
1.699E* 0 1  
2.042E.01 
2 . I55E*01 
2.9SIE*Ol 
2 . n ~ ~ -  01 
I . S ~ ~ E * O O  
60769E* 00 
3.548E*01 
a. 267f 0 1  
5,136€*01 
6.1 03E* O f  
?.46IE*Ol 
9.016f* c 1  
1.091E*D2 
1. 324E* 02 
1.610E* C Z  
1.963E*02 
2. IOOE* 02 
2.943E*O? 





I.C59E* 0 3 
t.323t*C3 
1.656€*03 
2.C?¶P* 03  
2.611C*03 
3 . 2 8 3 t 4 3  
4.128f*CS 
s.imC*o3 
6. S C l E *  03 
8.:12€*03 
1 .OC3E*C4 














2 0 6 90E*O7 
3.2lIE*C7 
3.57SE*O? 








8 . C O t E * O 7  
9.063€*07 
I -CSCE*OO 
I . 1 7 S E a 8  







3 -7 l¶ t .00  
I.3 SIE*OO 
5 01 11 E *o a 




1 A7ZE e09 
1.7 91E*09 
2.?9SE * 0 9  
2.7 06E *C 3 
3*367E*C9 
P .Z26E*C9 
S . O ~ S E * O O  
5.357 E.09 
6 A69E e 0 9  






6 . 5 8 2 ~  * l C  
9.9451: * i c  
I .519E *I1 









2 * 3 1 9 E * 1 3  
6 .ZS3E * l Z  
9 .C6CE*13 











6 0 %4E-12 






2 .ZI¶E- 11 
2. n c t - 1 1  
3 244 E-1 1 
3.902E -1' 
4 .(593E - 11 
50649E-11 




1 0 422 E-10 







6.158E - l C  







2.828f 4 9  
3 0 4  91 E-09 
4 01 9cc-0 9 
5. 104E-09 
6 21 BE-0 9 
7 oS7SE-09 
9.225E-09 
1.122E -c 8 
I 36tE-0 8 
1.529E-09 
1.987E-C8 
t. ' IJTE-08 
2.841: -08 
3.35't -c 8 
3 -916E-0) 
e . r ? i E - c  B 





I . P O S E - I ~  
55 
Table 2 (Continued) 
TEFf 3500. L O G  G 0.000 YLVE 1OCCC. Y20 











1 0  6.31OE-05 
11 7.913E-OS 
12 1.000c-01 






1 9  5.012E-04 







27 Jo lCtEd3  
20 3 0 9 8 1 f 4 ?  






3 1  1.58SE-02 
36 2.512E-02 
37 3.16ZE-02 
3 ¶  3.981E-02 
39 S.OlZE-CZ 
4 0  6.3lCf-02 
11 7.945E-CZ 




56  2.512E-01 
5 7  3.162E-01 
1 8  3.98lL-01 
19 5.ClZr-Cl 
5 0  6.31M-01 
51 7.9CK-01 





5 7  3.162E*OO 
5-3 3.9PlF*OC 
59 S.C12E*CC 




6 5  1.535€*01 


















t m . 2  
2707.9 





































4b  81.6 
n 702. I 






6 7 7 0 . 7  
2736.6 
P 
4- 639E- OS 
9- Z??E-O3 
1 .013L-O2 
1 . l O C L - G Z  










































3 .Z 51 E*O 1 









7 .  I S  I C *  02 
9.692E*CZ 




1.9StE. O S  









1 .?CSE .EL 
1 .¶97E*OC 
2.2cc E .os 
2.56lE *OS 
2.9CZE*06 




5 012 7 t  *C6 
6 -14 5E rC6 
5.957E*C6 
7.¶65€+06 
8 . 9cc E *cc 
l.CC?E*C? 
l.l6OE+C? 







3.24 3 ~ * 0 7  
3.717E*G7 
*.354E*C? 




1 ,CtSC *C8 
1.257E*C8 
1 . s w  *c a 
1 . 9 4 1 ~ * a a  
2.476E*OO 




1.0 59E c9 
1.490E*09 
2.16lf  4 9  
3.17fE *C9 
4 .7 35E*C9 
?.16SE*09 
1 .C95t * l C  
























10  597 r-13 



















6. SC 11-12 
7 .Sf 5E-12 
9.@7lC-12 






3 .  42 9E-11 
Q .185E- 11 








J . Q J 3 Z - l O  
9.613E-lC 
C.Z?)E-IC 
8 .  562C-1- 
1 .17c t - c9  
1.5 b8E-C 9 
Z.CSSE-09 
?.564r^-C9 
7 .  C Y  7E-C ? 
3 .  M3E-09 
3 . f S ? i - C 9  
3 6 15f -C 9 
3.589C-c 9 
3 -539E- 09 
3.319E-09 
Table 2 (Continued) 
J2 t l E r r  3000. -36 0 2.000 Y A W  1COOO. 
I( l.OOOOf*OC HE 1.000CE-Cl C 3.SSOOI-Cf N 1.¶62Oi-E4 0 7.1OCDE-06 
l 4 U  
1 O.E.00 
2 1.CCOE4?5 
3 1~259€4!5 .  
1 1.SlfE-Of 
S 1.99SE4S 
6 2 . S l X - 0 5  
1 3.162E-0S 
9 S . C l X - C f  
10 6.3lOE-OS 
11 1.913E-05 
1 2  l.OOOE-U4 
1 3  l . Z S E - 0 4  
14 1.585t-01 
15 1099SE-04 
1 6  2.SltE-Ob 
11 3.162E44 
1 8  3.981E-04 
19 S.OltE-04 
20 60SlOE-04 
2 1  7.943E-01 
22 1.oooE-03 
23 l . tS9E-C3 
24 1.585E-03 
25 1.99W-03 
26  2.SlZE-CS 
2 8  3.98lE-03 
2 9  5.012E-33 
3 1  1.943E-03 




3 1  3.152E-02 
38 3.981E-Ct 
3 9  S.O12!-02 
40 6.31IlE-02 
4 1  1.94SE-02 
42 1.OOCE-01 
5 3  1.25%-01 
44 1.58SE-01 
45 1.995E-01 
4 s  Z.Sl2E-01 
4 1  3-162E-01 
4 8  3.981E-01 
4 9  5.ClZE-01 
5 0  6.3lOE-01 
51  1.943E-01 
5 2  1 .1?0of*0~ 
5 3  1.259E*Of 
54 1.585E*CC 
5 5  1.99%*0@ 
56 2.512E*CC 
i :.9ai~-os 
2 1  3.162E-03 
30 6.310t-03 
32 l.COOE-02 
5 7  3.162E.OC 
513 3 . 9 8 1 ~ * 0 c  
59 5.012E*CC 
62 1.000E*01 
6 5  1.995:*01 
5 9  6.310E*OC 
6 1  ?.943E*OC 
63 1.259€*01 





































































1 -28ZE -01 












6 J O l t - C l  
1.2¶9E-01 
8 . l M E - 0 1  


































6.99tE* 0 2  
1.050E*C3 
I.S90E* 03  
2.368E*G3 
3 . 4 C O E * C 3  
4.856f*C3 
6&80E*C3 
9.925E* 0 3  
1.164f*C4 
1.49?E* 0 4  
1.885E*O4 






1 o a 5 8 t 4 6  
2.O@OE*OC 
























2 0 3 81 €*U? 










1 .436E * C I  
l.??SE*O8 
?.ZltE*C8 
z . ~ T ~ E * o ~  
3.512f * C I  
4 .4?1E*C8 
5 .159€*08  
1*49ZE*O8 











1 . 9 1 1 E * l l  
3 .896€*11 
?.51CE*l l  
1.30C€*12 
Z.Cf6E*IZ 
3 . 0 e 1 ~ + 1 2  
5.59CE*I 2 
Rn(l 
4 051 BE-13 
9.22 8E-13 
1.037E-12 
1.17 SE-17  
1 0 33 2E-12 











5 .u 8CE-12 
6*830E- l2  
1.61lE-12 














I. 3 32:- 11 




2.0t lE- lC 
2.5085-10 




7. 332E- 10 
9.151 E-lC 
I 1 SSE-09 
1.418E-C9 
1 *795E-09 
2.32 5E-0 Y 
3 . l l l i - 0 9  
4 309:-09 
t , r s z E - i i  
6.1 33E-C 9 
8 .? 155-09  
1.231 E-C 8 
I . ~ B z : - o ~  
s .s7 a c - 09 
2.22 9E-C 8 
2.871 E-0 8 
4.33 7E-0 8 
5.153;-oY 
6.048C -0 8 
I . 7 5 S E - C 8  
6.97 oi-ai 
57 
Table 2 (Continued) 
tEFf 30000 LOG 8 0.000 YAVE 1OCCG. 322 
n i.cccot-cc nE i.ccccE-ci c S.SC.CC~-CS N o.scccc-re J ~ . I C C P C - D ~  
t a u  
1 O.E*OC 
2 1.O~OE-CS 
3 1.25)E-OS * A.IISE-05 
S 1*995EdS 
C 2.S?zE-05 
7 3. lCE-OS 
8 L98L‘-Of 
9 S-OlZF-05 
1 0  6.310- -05 
11 1.944-0s 
1 2  1.oooc-04 
1 S  1,ZSQ-OI 
1 4  LSaSE-04 
15 1.¶95E-m 
16  2,512E-04 
17 3.1C2f-04 
1 8  3.981E-04 














33 1 -25X-02  
36 1.5056-02 
35 1 . 9 9 5 t 4 2  
36 2.512E-02 









4 5  2.512E-01 
4 1  3.1625-01 




s t  i.aooE+oo 
5 5  1.253E*OC 
s4 l.S8SE*OC 
55  1.995E*00 
5 5  2.512f*00 
57 3.16X*00 












































































2 &S9f -c3 
2.99¶€-03 
3-416E-OS 





9.004E- 0 3  
l -OllE-02 
1.SCSE-CZ 
1. 57st- 02 




6-  ISZE-02 
5-OI I t -02 
6 d2CE-02 
7 -4 lSE-t2 
8.97UE42 
1.083E - 01 
1 .SOfE-Cl 
1. 568E- 0 1  
2.2SZE-01 
2. C9SE - C l  



























3.64SE* C Z  
5.514E*C2 







1 . 7 i c ~ * a o  

















4 0 87CE* os 
5 . 7 4 C E  *c5 







2.01 SE *06 













2. Q 7 OE* C? 
3.902€*07 
4.965€*37 


















5 .S?3E *IC 
1.052f *I1 
1 .SESE *ll 































? 02 37 E-12 












7 . c ~ a ~ - i r  
2 -6  10:- 11 
3.2ZfE-11 













7 .q 7 4 ~ - 1 r  
1. e 4 1  E - e9 
2.C64 E-C 9 
2. 8?ZE-C9 
3. 1 8 Z E  -@ 9 
5.0 67  E-C 0 
i .rzsE-c9 
e. ~ ~ S E - C  9 
5 2 3 OE-C 9 
58 








9 5 .01 IL -05  
10 6 * 3 1 0 f - t 5  
11 7.*3€-05 
1 2  1.000L-OI 
1 3  I*ZSY€-Gl 
1 4  1.585t-04 
1 5  1.995E-01 
1 6  2*512E-04 
1 7  3.162E-61 
1 8  3.981E-G4 
1 9  S . O l Z f - 0 1  
2 0  6*31Of -G1  
2 1  7.9I3f-04 
22 1.OOOE-03 
23  1.259E-03 
2 0  1.505f-03 
25  10995E-GS 
2 6  2.512L-03 
27 3.162E-03 
2 9  5 .012f -03  
30 6.310E-OS 
32 1 .000f -02  
33  1 . 2 5 1 - 0 2  
34 1.585L-02 
35  1.99SE-02 
36 2 .512t -02  
3 7  3.162E-02 
36 3.901E-tZ 
3 9  5.012c-02 
10 6*310E-02  
11 7.943E-02 
I 2  l.OOOL-O1 
1 3  1 .259f -01  
6 1  1.505E-01 
4 5  1.99%-01 
(16 2 .512f -01  
11 3*16ZE-O1 
Q 8  3 .98 IE -01  
9 9  5.012E-01 
50 6.3lOE-01 
5 1  7.943E-01 
5 2  1 .000E*00  
5 4  1.58#*OC 
5 5  1.995L*OO 
5 6  2.512E*00 
5 7  3.162€*00 
5 9  5.012E*00 
6 1  7.9111€*00 
4 1 .SOSE-05 
a 3 . 9 8 1 ~ - 0 s  
28 3.901f-G3 
3 1  7.913E-03 
5 3  I . ~ s ~ E * Q ~  
5 8  S . S ~ ~ E * G O  
60 6 . 3 i o ~ + a o  
6 2  i . o a o E * o i  
6 3  1.259f*O1 
69 l .S05E*01  
65 1.395E*C1 
I 
1 1 b 7 . 1  
17b7.b 
1766 .1  
17bb.b 
1766.3 
1 7 b 5 - 1  
17b5.5 
17bS. l  
17bC.U 
1763 .1  
1 7 6 2  -0  






1756 .1  
175b.4 
1757oU 
1758 .0  
i i b 6 . a  
l 7 5 9 . b  





1 7 8 4 0 1  




i a s i . 1  
l84R - 3  
1858.b 
1879 .1  
1 8 9 1  .b 
1909.1 




2022 .2  






2 2 7 2 . 9  




2577 .2  
266 3.  E 
2 7 6 4 . 3  
2R82.7 
302 1.9 




9 2 7 4 . 1  
OH0 
1.213E-lC 
Z .4 59E - 1 0  
2 .132t -16  
J.22lE-14 
3.7 78E-10 
4 .I Y8L - 14 
5.40Zf  -16  
6.7boL-14 
8 .4IJO€ - 14 
1.92 I J E - 1 3  
1.390E-13 
1 .lit% - 13 
2 . a i  ?E - 13  
3.2 32E -1 3 
5 .8ltrt - 1 3  
7.75UE-13 
4. 330E-13 




~ . ~ ~ S E - I Z  
P.aYsE-12 
5 .257t -12  
6 . 8 i C t -  1 Z 
8 . 7 4 l t - 1 2  
1-11 5E- 11 
1 . 7 9 1 i - 1 1  
2.2 56E- 11 
3.531E-11 
4 .390L-11  




l . C d 4 t - l t  
1.7 W E - I O  
2.1 50E- 10 
2.56 7 t  - lL 
3.04 8 t -  1C 
3.595E-1c 
4.2G BE- 1 C 
4.694E-lG 
5 .t 1ZE- 1C 
7.13ZE-10 
7 .89 tE-1L  
8.9b9L - 1 6  
8.361E-l l i  
9 . S i  bE - 1 5  
1.61 I E - 1 1  
2 .829t -11  
5.43bE- 11 
c . 3 t x - i a  
3.3G7E-lG 
5 . b 7 7 t - l G  
3 .857L- lC  
1. a 1 # E - O  9 
1 . 0 7 Q t - 0 9  
1 . 1 6 3 t - 0 2  
1.297E-09 
1.4 a 7 ~ - ~ 9  
1.7b2E-fl3 
2.31UE-C9 
2 . l b ? t - U 9  
9.Od6E-09 
59 
Table 2 (Continued) 
1EFF 2000. LOG G G.000 LLUE 1000G. J2Y 













1 2  1.oooc-01 
1 3  1 . 2 S I - 0 4  
11 1.58St-OQ 
I S  1.333E-01 
1 6  2.512E-01 
1 7  3.1LZE-01 
1 0  3.3!1€-01 
1 9  5.012E-01 
20 6.310f-01 
2 1  7.9IX.c-01 
22 1 . 0 0 0 € - 0 ~  
23 1.25SL-03 
2 1  1.505E-03 
2 6  2.512E-03 
25  1.395E-03 
27 3.162E-03 
20 3.901E-03 
2 3  5.012E-C3 
30  6.3lOE-03 
3 1  i . n 3 ~ - 0 3  
32  1.000E-02 
'3 1 . 2 5 1 - 0 2  
3 1  1.505E-02 




3 9  5.012E-02 
4 0  603IOL-02 
11 7.91#-02 
4 2  1.000E-01 
1 3  1.253E-01 
I1 1.505E-01 
1 5  1.995E-01 
16 2.51ZE-01 
1 7  3.162E-01 
1 8  3.901E-01 
1 9  5.012E-01 
50 6.310E-01 
51 7.913E-01 
5 2  l.OOOE*OO 
5 3  1 . 2 5 I * 0 0  
54 1.505E*00 
5 5  1.935€*00 
56 2.512E*00 
57 3.lEZE*CC 
5 8  3.981C*OG 
59 5.012€*00 
6 0  6.310€*00 
6 1  7.943E*00 
62 l.OOOE*Ol 
63  1 .259f*Gl  
6 1  1.505C*01 





































































2 b 93E-LZ 
3.012E-G2 
3 5 all€ -02 
1 .U32€-02 









2 75 1E-0 1 
3.1GOE-01 
1.228L-01 
5 .2*7€-0 1 







2 - 3 1  CE*OO 
3.591E*00 
9.1 25E GO 
5.137E*00 
6 -666L*OO 










5 * 0 1 3 € * 0 1  
s .699E*t  1 
5 - 9 3  9E*C 1 
B.ffclE*Ol 













7 r a 8 0 ~ * o z  
U.738€*02 
9.589E* ( 2  
1.092f*G3 





7 933E *CZ 
1.17ZE*OJ 















0 90 2E *O 3 
1.0 70E*OI 
1.283E*LI1 
I . S S t E  * U I  
1. IO 3E *UI 
9.303€+01 
2.046€*01 
J .  f11f *01 
1 . I 1 B f  *01 
5*619E*G1 
7.266€*01 
9 .17 IE*01 
1.253E*U5 
I .b91f*05  
2*331E*US 




1 . 6 9 U  *U6 


















1.2 7 7E* 1'9 
2 - 176E *U9  
3.  l O 3 E  *U9 
1. 05GE*b9 
5.C4 7E*U4 
5 93ZE * 0 9  
6 930E *09  
B*053E*09 
9.301tE*U9 
(I . O O O E * U ~  
Rti  o 
3.2266-1 3 
6.114E-13 














9 097 3F -1 2 
1.23F. ' - l l  
1 .52. :L- l l  




I 392E -1 1 
50103E-11 
6.631E - 11 
8.1 3lE-11 
9 9 w - 1 1  
1 e21 3E-10 
1.175f-10 
1- 708E-10 


























8 .  BYIE-09 
9.081E-09 








7 -1 2 7E-t 1 








7 5 31 E-01 
7.61 3E-01 
7 ob 90E-01 
7. IIZE-04 
7- 01 7E-01 
7 -03% -0 1 
7 977E -0 I 
8.0 l9E-04 





8 9 76E -0 4 
9.136E -01 
9.13PE-01 
90 70 SE-01 





1 -233E-03 ' 3"FE-03 
1.3SCE-03 
1.191L-03 
1 061 3L-t3 
1. ?SI€-03  
1.901E-03 






3.0 6 1 E-0 3 
3.225E-03 
3.39 2E -03  
3 - 5  73E-0 3 
3.776E-03 
1 0 10 E-03 
4 2 0 6E -0 3 
4.621E-03 
5. G 1 1 E-03 
5.593E-03 
6.101E-03 
7 e 8  3BE -03  
1. O I I E -  02 








Table 2 (Continued) 
TAU 











j 12 1.OO.E-04 
















































































































































1 5 2 X +  00 
lm8bOE+OO 
2.288€*80 
















bo 381€ *Ol 





2 .OZ4E+ 02 
2 468E+ 02 
3.036€+02 











6.983E* 0 3 



























1 673E* 07 
2.09?E+O? 




b. 735E +O 7 
..379E*07 
1 03 bE+O8 




3 52 6E 08 
4. 35bE+OI 
5 *Ob€+ 08 
6 745E+O8 
8.473€+08 







2 10 9E + 10 
3.486Et 10 
5.787E*lO 
9. b79E+ 10 
1 499E *ll 
2.256E*11 
3.334E+ll 
5 168E* l l  
8 ? O E + l l  
1.593€+12 
2.994Etl2 
5 64 8E* 1 2  
i . r 0 ? ~ + 0 5  
2. IWE +a8 




































8 .  cz OE-11 
1.OlOE-10 


















4.97 8E-0 9 
6 .?32E-09 
8 e943E-09 
1 146E-0 8 
1. S l O E - 0 8  
1 W E - 0  8 
1.01 4E-08 
1.91 8E-0 8 
1.972E-08 
1 .001~-12  
2 . ~ 2 ~ - i o  
61 









3 678E-0 3 
307I3E-OS 
3.733E-03 
3 0 ? ~ E - 0 3  
3 .aii~-ot 
3 6 63f-0 3 









Table 2 (Continued) 


























i f b a  
P 
1 155E-02 
2.3 1 OE-02 
2 601E- 02 
2.98lE-02 
3 .CCDE-02 










3. 44.E- 01 









6 76CE+ 04 
1 Z15E* 05 
1.342E+05 
















3 18 CE*06 
40124E+06 
5 -37 SEt06 
7 O21E *a6 
90184Et06 















2 . 42 ?E-12 
2 989E-12 

















8 98OE- OS 
9.OSlE-03 
90128E-03 
9 2 15E-0 3 
9 .Si)€- os 
9 &22E-03 
9.551E-03 






















































5 .?SOEt 00 
6.964Et 00 
8 .444E+ 00  
1.241E*O1 
1 506Et 01 
1 0 8 3 0 E t 0 1  
2.226E*Ol 
2 071OEt 0 1  
3.. 3 04Et 0 1 
4. 029Et 01 
509866t01 
7.2 86Et 01 
8.856E+ 01 
1 30 l E *  02 
1. WOE+ 02 
1.891Et02 







1 O O t E t  03 
1.399Et OZ 
i.9tlE*O3 
2 .747Et 03 
3.741E*O3 
4. 892E 03 
6 0 93Et 0 3 











1. 418E t o 8  
1.744E*O8 

























































7.0 30 8E-0 9 
9 689E-0 9 
1 257E-08 
1 567E-08 












2.154E-02 4.042€+05 .. _ _  .. 
2.217E-02 3_.7bOE+05 


























Table 2 (Continued) 
TEFF 2300 LOG G 1 . 0 0 0  YAYE 1 O U O O  5 3 5  
n i . o o o o E t o o  nE i.ooo~~-oi c 3 . 5 5 0 0 ~ - 0 4  N 8.5100~-05 o 5 . 8 9 0 0 ~ - 0 4  
TAU 




















































































































































1.2 74Et 00 
1.541Et00 
1.859Et 00 





6 334Et 00 
7.4636t00 
8.776Et00 
1 209E* 0 1  
1 416Et 01 
1.659Et01 
1.944Et 0 1  
2.667EtOl 
3.126Et 0 1 
3.666E-0 1 
4.300Et 0 1  
5 046EtOl 
























2.277Et 0 1  
2.209Et02 
3 ill€* 02 
2.908EtOJ 




1 869Et0 3 
2.059EtO3 
2 d96E *03 
2 -591Et 03 
2 -963E t 03 




7 17 1E * O  3 
8.987Et03 
1 .149Et04  
1.497Et04 
1 990E 04 
2.700EtO4 

















3.419E t o 7  
5 O39E* 0 7 
7.42bEt 07 
1.089EtO8 
1.583E t o 8  
2.270EtO8 
3.191E408 
4 .374E t o 8  
5.838E*G8 
7.59 7 E t  06 
9.67 4E 4-0 0 
1 e21 3E*03 
1 .508EtJ9  
1.87OEt09 




5 92kEt 09 
1 e 05 ?E t 10 
1 . 5 4 1 E 4 1 0  
2 443Ey 10  
b. O49E t 10  




4 e 2 1  3 E t l l  
6 l O ? E + l l  
2.6lZE406 
7 .74ZEt 09 
__. -- I . .-- - 
RHO 










9 2 3  7E-1  2 





















3 l l 8 E - 1 0  
3.549E-10 
4 O35E-10 
4 I7 ?€-I 0 
5.18OE-10 
5 846E-10 
6 V 4 E - L O  
7 3 6 x 4  0 














4 e 374E-0 9 
4.910E-09 
6 e 30 9E-0 9 
7 -353E-09 
3.898E-09 
5.53 TEz 0 9 
8 .  a 7 7 ~ - 0 9  
1.llOE-08 
1 4 1  4E-0 8 
1 -- 795E-0 .. 8.- 
2 243E-0 8 
- 
KAPPA ntua, 







2 266E-0 3 5 2 89E t 0 5 












4.071E-03 4.109Et05 . 
4.382E-03 4.023Et05 
4 727E-03 3.937Et05 
5.llOE-03 3.85iEt05 

























2.884E-02 2 ot6lEtO4 
3.08SE-02 0 0 
3.321E-02 -2.773EtO4 
3.593E-02 -50648€*04 










z.wE-03 5 . i ~ ~ ~ t a 5  
!.!!E E-E .-Le 83SE+k5. 
Table 2 (Continued) 












11 7.94sf-r '  
1 2  1.00oE-0* 
13  1.259E-CI  
1 4  1.585E-04 
15 1.995E-04 
1 6  2.512E-04 
17  3.162E-04 
19  3.981E-cl  
1 9  5.012E-04 
20  6.31CE-04 
2 1  7.943E-CI 
22 1.00CE-03 
2 3  1.259E-03 
2 4  1.5851-03 
25 1.995E-CS 
26 L 5 1 2 E - 0 3  
27 3.162E-03 
2 8  3.981E-03 
2 9  S.OltE-C3 
31 7.943E-03 
32 1.COOE-CZ 
3 3  l . t f 9 E - 0 2  
3 1  1.585:-02 
35 1.995E-02 
36 2.512E-C2 
37  3.1625-02 
38 3.981E-Ct 
39 5.~Cl2E-Ct 
4 0  6.310E-02 
4 1  7.9435-02 
12 1.OOOE-01 
43 1.259E-01 
4 1  1.585E-01 
1 5  1.995E-Cl 
1 6  2.5lZE-01 
4 7  3.162E-01 
4 )  3.981E-01 
49 5.012E-01 
5 0  6.310E-01 
51 7.943E-Cl 
5 2  1.0005*0C 
53 1.259E*OC 
59 1.5955*00 
5 5  1.995:*00 
57 3.16ZE*CC 
5 9  3.931!*00 
















































































1 668E- 0 2  
1.946E- 02 
2-289E-02 
2 - 7 1  4 E- 02 
3.239E- C 2 
3.890E-PZ 
4. 695E- C Z  
5.689E- 0 2  
6.918E-02 







3. S H E - 0 1  






1 11 9E* 00 
1.758E+OC 









l . l 9 6 E * C l  
1 449E*  C l  
1 .757€*01 




4.?SCE* 0 1  
5.8!57E*01 
7 . 2 i l i * O l  
9 . lC3E*Cl 
l . l51E*OZ 
1 .I, 7 1  E*C2 
1.895E* 0 2  
2.146E*CZ 
3.159E* 0 2  
1 . 0 6 9 E * O Z  
5.216E*C2 
6.667E*CZ 
¶ . 1 3 4 E * C Z  
1.037E*G3 
1 J l S E * C 3  
1.355E*C3 



























3.9 37 E* C6 
5. C44 E *O 6 
6.5C7E *C6 
8 - 4  S I E  *C6 












t . S I S C , * C 8  
3.136E+C8 
4 .061E*C8 









1 * 4 3 2 E * l C  





1.1 9 5 E * l l  
1.349E*11 
3.?57E*11 





7 ~ 1 8 ~  *r7 







2.1 32E-1 3 
2.518E-13 
2.932I-1? 
3 5 75 E-1 3 
4.I91L-13 
5 168:- 13  
6 241 E-1 3 
7.552E-13 
9.151 E-1 3 
1.1 10:-12 











I . tZ3E-11 
1 dtC6E-11 




? 5C 9 E-1 1 
4.118E-11 
4 37CE-11 













1. D 2  7E-C C 
6.C83E-12 
x . m E - i r  




2 .357 E-C 9 




T e97 35-09 





































- f 9  
I€-OS 19 
*us-- .)9 
x - 0 5  1 9  
M-t9 
!<-a5 19 
*@5- - - - t 9  
,€-OS 1 9  
eU5- -- - 3 3  
IE-OS 20 
IL-Ob 20 
;E-01 20 --- - - 2 0  
!€-Or, 20 
.€-Ob 2 1  
!*W- - - a 
I€-Ob 21  
eo*-- - 21 
IE-03 21  
;E-OS 2 1  
.;-os 22 
# 4 1 - - - - 2 2  
,€-a3 22 
NE-03 23 
if-93- - - i s  
1E-02 23 
E-OP----Z* 








E - 0 1  27 
6 4 1 -  24 
'E-01 28  
E-a1  35 
E41 3 0  
E-01 31 
64i- ~ 3L 
E t 0 0  3s 
IEtOO 35 
E t 0 0  36 
Et00 37 
E t 0 0  39 




€*Os 5 t  
Et01 55 
e o :  59 
E t 0 1  62  -
. . . . -. . 
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I 7  
I7 
II 
U -  
I C  





I C  
I6 
1 6  





I C  
I6 
It 
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Table 2 (Continued) 


















































6661 e 3  
w -  
0 7  
a7 
0 7  
0 7  
07  * 
07 
07 
O f  
0 7  
0 7  
e- 
07 
0 7  







0 6  
9c 
Ob 
0 6  
Ob 










a t  




O C  
06 
Ob 





. o t  
4 6  
66 
69 
Table 2 (Continued) 
IEFF 150C. L O 3  6 Q a C C I  - A U E  1CbOi. K I S  
H l.OOUOt*CO -E 1.CtiGGE-Cl C 1.55(r l i€-CY h 1.96ECE-09 0 1.78GOt-C4 
T A U  









I C  6.3lOE-OS 
11 7.943E-OS 
li 1 . O G O f - 0 1  
1 3  1.259E-04 
11 1.585E-04 
1 5  1-995E-CQ 
1 b  2-512E-GQ 
1 7  3-162L-04 
1 8  3.981E-04 
1 9  S.Ol2F-C4 
2b c.31oE-o- 
i t  7.903E-0U 
2 3  1.259E-03 
24 1.515C-03 
22 i .oaoE-cs  
25  1.995E-03 
26  2.512E-03 




31  7.903E-03 
3 3  1.253E-GZ 
31 1 .585f -02  
3 5  1.995E-02 
3b 2.S12L-02 
3 7  3.1L2E-li2 
3 9  5.012E-02 
9 0  6.310E-02 
9 1  7.943E-02 
1 2  1.OOOE-01 
9 3  1.259E-01 
9 5  1 . 9 9 5 f - 0 1  
9 6  2.512E-01 
1 7  3.162E-01 
18 3.981L-01 
9 9  5.012L-01 
50 6.310E-Cl  
5 1  7.943E-01 
52  l . O O O E * O O  
5 3  1.259L*CO 
5 9  1.585E*00 
55 1.995E*GO 
5 6  2.512E*GO 
32 l .OtOf-G2 
3 8  3 . 9 e i ~ - o t  
8 9  i . s e 5 E - c i  
5 7  3 . 1 6 2 ~ * r o  
s a  s . ~ ~ ~ E * o c  
5 9  5.012E*OO 
bo 6.310E*00 
6 1  7 .993C*G@ 
62  l . O O O E * O l  
6 3  1 .259h*01  
b 1  1.585E*Ol 
6 5  1.995f+[11 
I 
2 1 9 b . l  
2167.b 





















2905  - 7  
2422.2 













2796 .9  
2833.6 
2 8 7 1  .b 
2 9 1  2.0 



















5 6 2 3 . 2  
5952 .2  
6697.b 
6309 .1  
0 
l . i & 2 E - C ?  
2 5 b 9 i - 0  J 
2 -dJI IL-C? 
3.771E-C1 
3 .z as E- c 3 
C . J ? C E - G 3  
' i . l t i l i - G 3  
1 . 0 7 7 E - C 3  
9. a 7  3E-03 
1.1 91E- ( 2  
1 .Y 2 4  E- c 2  
1-7GSE-02 
2 - 0 4  7 E - G 7  
2 .9 59E- c 2  
3 -562E-07  
9 -293E-02  
5 -1  79E-62 
6 .259E-01  
5 . 9 9 ~ ~ -  (3 
~ . J ~ c E - G ~  
~ . ~ s ~ c - G z  




1 -992E-Gl  
1.1 I rec -c i  
2 .932E-01 
2 - 9 ? B E -  G 1 
1.6 58E -01 
9 .  5 C  I E - G  1 
5 - 5  ? € E -  0 1  
b - 322E- 0 1 
U.C25C-G1 
1 e 3  52E*C@ 
l . t59E*CO 
2 * 1 3 9 E *  0 0  
2.699E *OU 
1 . c 7 0 ~ * 0 0  
3.3 57E* GO 
9 .286t  C C  





l . d 9 3 E * L l  
2 . I L I E * t . l  
3 . 1 b e ~ * t i  
' 1 .222€*01  
5 .b9Si *C1  
7.767EqGl 
l . L 7 b K * t 2  
l .Y87E*G2 
2.C39E*C2 
2 . Y f ? E * G Z  
c .2 ; Z E * C Z  
S.Y62E*G2 
U.b3*E*tZ 
l . b 2 9 t * L 3  




1 .Q 5ZC C 3 
w)ro 
9 . 2 l l t - 1 5  
1. e 1  YL- 1 4 
2.LQSE- 19  
Z . 3 i L E - l q  
2.bStL- 1 4  
3.C7OE - 1 0  
3.5 ??E-1 C 
9.187E - 19 
9 .Sd  5c-  10  
5. B l b t  - 1 9  
6.19btl- 1% 
6.2GOE - 19 
9.76 UE - l h  
1.1 b6E-13 
1. S3- t -13  
1 -66  8E -1 3 
2.1YSt-13 
2. B I U E - 1 3  
3 .@SUE - 13  
4 - l 9 b f - 1 3  
1.9dSC - 1 3  
5.99%-13 
b . 7 l U t - 1 3  
1 -C52L-12  
1.272E-12 
1.59 I t  - 12 
2.2 7bE-12 
2.777E-12 
i . g y e ~ - i 3  
7 - 2 2  b t  - 1  3 
1 . e ~ i ~ - i i  
3 .137€ - 1 Z 
9 . l b l E - l i  
s. 1 i J E  - 1 i 
6. ]JOE-12 
7.B3bL - 1 Z 
9 - 7 l B t - A  Z 
1.208E- 11 
1 . 5 G l t -  11 
1 . Rb O t  - 1 1 
2.32 bE- 11 
3.b15E-11 
9 - 5 1  O t -  11  
5 .bb S t  - 1 A 
7.1 9 2 t - 1 1  
9 .CSZF-  1 1  
1 .155E- lC  
1 . Y 6 7 t - l G  
2.534E-lG 
3 . 3 0 4 L  -11; 
9 . C 3 3 t - l G  
6.C9SE-10 
3 .132 i -  10 
1.121E-C 5 
1 . E f C E - C 5  
2.GSJE-09 
2.63JE-C 3 
3.9H3t - 6 5  
3.69OL-09 
3 .6S lE-U9  
3 .5UlE-04  
S.QbBt-G? 
~ . 8 9 a ~ - i i  
1 .9JJE-10 
3 . i b i t - n ~  
H I * * )  
1.76EE*C7 
1 -?98L*C? 
1 * 7 3 0 E * b ?  
1.71C't*O7 
1 -b67€*C7  
~ . B ~ Z L * G I  









1.3 8 2E * O  7 
1 .595t*C7 
1 .964f *G7  
1.352€*G7 
1.297L*G7 
1.2 3 9L * 0 7  
1 .326€*07  
1.26uE*G7 
1.210E*G7 
1. i e o t * c  7 
1.1 49E*07 
l . l 1 8 t * 0 7  
l.GebE*G7 
1.05Yt*G7 
l .G21t *C7  
9.871L*C6 
9.521E*GL 
9 . 1 6 2 t * 0 6  
8 .792t *C6  
O.G2lt*G6 
7 .b?ZL*06 
7.21 5E*06  
6.8 G 2E * 0 6  
6.381 E*O6 
5 . 9 5 9 E * G 6  
e . q i i E * o s  
5 .519E*06  
5.C7 3E*C6 
9.61Yt*G6 





1 . 3 7 1 € * 0 6  
? . C ? 6 E * G 5  
n . E * O O  
-7.522L*G5 
- 1 . 5 5 1 € * 0 6  
-? . l iCbE*06 
- ? . 3 2 O t * G 6  
- c . i 7 e t + o 6  
- S . i 4 6 E * r i 6  
- 6 + ! S 7 E * O C  
-6.d97t*G6 
- 7 . 9 1 9 t * 0 6  - 7 .7 5 6 E  * 0 6  
- ? . 9 8 2 t * 0 6  
- e .  i 39 t + o s  
- e  .235 t * o s  
70 










9 5 -012E- t5  
10 6.310E-OS 
11 7.913E-OS 
1 2  1.UOOE-09 
1 3  1.25?€-01 
1 4  1.585E-01 
1 5  1.99SE-01 
1 6  2.S12E-09 
1 7  3.162E-01 
1 8  3.98lE-04 
1 9  5.012E-01 
2 t  b.310E-01 
2 1  7.943E-09 
2 2  1-OOOE-03 
2 3  1.259E-03 
25  1.995E-03 
2 1  1.585E-03 
2 6  2-512E-03 
2 7  3.1bZE-OI 
2 8  3 . 9 a i ~ - o -  
2 9  5.012E-03 
30 6.3lOE-03 
3 1  7.943E-03 
32  1.OOOE-02 
3 3  1.259E-0' 
3 1  1.585E-Cd 
3 5  1.995C-02 
3 6  2.512E-02 
3 7  3.162P-C2 
39 5.012L-02 
90 6.31OP-02 
4 1  7.9138-02 
42 l.OOOE-O1 
1 3  1 .259 t -01  
94 1.585E-01 
9 6  2.51ZE-Ql  
4 7  3 .162E- t l  
48 3.981E-01 
4 3  5.01ZE-01 
50 6.31Of - C 1  
5 1  7.913E-01 
52 l.OOOE*OO 
5 3  1.259E.00 
54 1 . 5 8 5 € * 0 0  
55 1 . 9 9 5 € * 0 0  
5 6  2.512E*00 
5 7  3 . i 6 2 E * 0 0  
5 9  5.012E*OG 
60 6.310E*Oli 
62  l.UOUL*OI 
64 1 .585E*C1  
6 5  1.995E*G1 
38 3 . 9 1 1 ~ - 0 2  
1 5  1 -995E-01  
5 8  3.981E*00 
61  7.343E*OU 





2192 .0  
2197.6 
















2 3 1 2 . 2  
2354.8 
2 362.8 
2115 .9  
2434.6 
2 4 5 5 . 3  
2 1  7R -3 
2529.b 
2 3 6 0 . ~  
2398.7 






2 7 3 1  -0 
2806 .1  
2845 .1  
2887.3 
2931  .[r 
2 9 7 7 . 1  









3 6 3 7 . 5  
1750.6 
3 8 7 5 . 6  
9015.3 
1175 .7  
1362 .1  
45Bb.J  
9864 .5  
5105 .1  
5521.5 
Sab7.b 
6 2 3 9 . 5  
6 6 1  3 . 3  
P 
9.G16E- t h  
2 .G3OE-G 5 
2 .3LBE-C3 
2 .615E- tJ  
3.062E-C3 
3.5 7 3 E - C 3  
Q.186E-03 
*.si # € - E 3  
5 -822E-0 '  
6 *908E-G3 
8.2 16E-C3 
9 . 7 3 3 E - t 3  
1 -169E-CZ 
1 - 6 7 1 E - G Z  
2 - 0 G  8E-C7 
i . n ~ s t - l r 3  
1 .sJaE-o: 
L.qC9E-02 
3 - 4 7 9 E - t 2  
Z . ~ J Q E - O Z  
9.1 68E-CZ 
5 - 0 9 6 6 - 0 2  
b.L89E-C2 
8 I 9 C6E-0  2 
1.0bCE-Cl 
1 - 3 1 3 E - C l  
1 -6COE-01 
1 -956E-Gl  
2 - 3 9 9 E - E l  
2.3SZE-Cl 
3-b4 ?E-  C 1 
9.525E- t l  
5 b3bE- C 1 
7.0+7€-  G l  
8 .  U P @ € - 0  1 
1.11 3E*OG 
1.4 C 1  E *  GO 
1.77QE*00 
7 - 3 5 8 E - 0 2  
2 . 2 4 5 E * O U  
2.d4 3E*OG 
3. b C6E* GO 




1 . 2 3 a t * ~ i  
1.61UE+Gl 
Z . l l l f * C l  
2 . 7 5 7 t * C l  
3 .7C3E*Gl 
S.Cb8E*Cl 
6 . 9 J P E * C l  
3.597E*L 1 
1.399E*GZ 
1 - 5 l I E * C Z  
2.738E*CZ 
9.1 6 4 E * C Z  
6.3G2L*C? 
Y. 17 f E * 0 2  
1.211E*L3 
1 . 4 ; 1 E * t 3  
1.559E*C3 
1 . b 4 8 L * b S  




2. b b s t - 1 4  
i . a z i c - i r  
L - l b l c - 1 1  
2 . 7 i 5 E -  14 
3 .171t -19  
1. TUUE-14 
9 . 3 9 t t - 1 4  
5.118E-11 
6 . 0 5 3 t - 1 8  
7.17qt - 1 4  
8.521C-11 
1.UlQE-13 




2 - 9 4  3E - 1  3 
3 -52bE- 1 3  
4- 227E-13 
5 .@73E - 1 3  
6.035E-13 
7.333E-13 
2 . 1 5 9 t - 1 3  
e .  e ~ u t  - 1 3  
1 - 0 b 6 t - 1 2  
1.2Pi3t-12 
1.563E- 1 2  
1.859E - 12  
2.319L-12 
2 -82  S f -  1 2  
3 -46  SE - 12  
4 . 2 b ? f - l 2  
5.27GE-lZ 
8 . l L l t - 1 2  
1 .LG?E-11 
1 .25 I f -  11 
1.569E-11 
1.953t-  1 1 
2.950E-11 
3.GbCE-1A 
3. B Y U E -  11 
Y. I J Z L -  11 
6 . O S 6 E -  11 
1. ? Z  3f - 1 1 
3.89 5E- 11 
1.2bJE-10 
1 . b 3 4 t - l G  
2.132E - I t  
3.7 35E- 1 0  
5.0 1 2 t -  10  
6.79UE- 1 G  
9 .351E- IC  




5 . 0 3 5 L - C i 4  
5.1Y9f-CS 
5 . 1 5 7 ~ - 0 9  
5.OZ9E-09 
6.527E-12 
2 . 8 1 n ~ - i u  
2 . b m - r 1 5  
KAPPA H I K M )  
C -36bE-Cl  1.476€*07 
1.101E-CZ 1.383€*07 
1-11 3E-C2 1 . 3 6 9 t * G l  
1 -2ClE-02  1.339E*GT 
i . i 6 a ~ - c z  I . ~ S Q L * G ~  
l .ZSOE-@t 1.322t*G? 
1.297E-02 1.365 t*G7 
1.318E-02 l . 2 8 7 € * 0 7  
1.408E-C.E 1 . 2 6 8 k + G 7  
1-15 62E- O i  1.29 9E* G7 
1.525E-CZ 1 .22Yt rC7  
1.591E-02 le2C9E*G7 
1 - b 6 l E - 0 2  1 - 1 8 9 t * C 7  
A.734E-02 1.169C*C7 
1- 812E-02 l . l 1 8 E * C 7  
1.9?9E-C2 l. lGSP*O? 
2.C6Gt-02 1 - 0 8 1 € * 0 7  
Z - 1 1 7E- t 2 1 -06 2E * G I  
i . a 9 1 ~ - 0 2  I.~ZIE+CI 
2 - 2  39E -0 2 1 .GIOE*G7 
2.91ZE-t2 9.951E*C6 
c -198E-02  9.727E*[i6 
2.58CjE-02 9.49bE*06 
z . ~ z ~ E - ~ z  i . o i a ~ * c 7  
2.65 ac- 02 9.26 3 t  +os 
2 . 7 2 8 ~ - r  t ~ . G ~ S C + O C  
~ . a r s ~ - o z  8 . 5 3 6 ~ + c 6  
2. ~ I ~ E - O Z  e .  t e  3 t  ' 0 5  
2.791C-C2 8.7831.06 
2 - 9 1 l E - 0 2  8-G23E*G6 
2.925E-Ct 1 . 7 5 7 € * 0 6  
2.926E-CZ 7.183E*G6 
2.915E-CZ 7 . 2 C l E * t 6  
2.895E-C2 b.91[rt*06 
2 .b6 7E-CZ t .610E*OC 
2 -  d37E-GZ 6 .3LZE*E6 
2.7 76E -02 5 - 6 6  2€*06  
2.726F-02 4.996L*C6 
2.698. 1 - 6  5 3L * G 6  
2 .b6 Zi 9.3G4f*G6 
2 .b l4 !  3 -90 7 t *CS 
2.552E- 3 5BUE * 0 6  
2 - 1 7  !E-CZ f.2C 2 E * C 6  
2.375E-02 Z.E11E*O6 
2. 1ZSE-CZ 1 -97  5 t * 0 6  
1.971E-C2 1.52SE*G6 
1.109E-GZ l .G97t *C6  
2 .  806E-C ? 5 986 t * C 6  
2.751E-02 5 .332€*06  
z . Z S ~ E - C Z  z . ~ c 3  t * 0 6  
1 - b 3 8 E - 0 2  5.CC3t*G5 
1.169E-02 O . E * O G  
1. 3 0 5 E - O Z  - 5 . 7 5  ?€+I25 
1.196E-C2 - 1 . 1 9 0 € * 0 6  
9.8SdE-ES -1 .899E*06  
b.El7E-0 3 -7 .5671*06 
6 .  bb C E- C 3 - Y 3 5 9E * 0 6  
5.331C-C3 - 9 . 2 3 6 t * 0 6  
4 . 5 0 4 E - C S  - 5 . 1 7 7 t * 0 6  
4 .698E-03  -6.C87EtG6 
7.167E-03 -6 .795C*06  
1.3UZE-@t -7 .2361*06  
: . b C 9 E - G 2  -7 .5Cqf *G6  
5.157E-C2 -7.679E*G6 
9.997E-fl2 - 7.7 8 Z t * C 6  
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12  l.OGOE-04 
1 5  1-2SSE-tcl 
11 1.5@5€-01 
1 5  1.995E-GI  
1 6  2.512L-09 
1 7  3.162E-01 
1 8  3.981E-Gq 
1 9  5.012E-01 
e. 3 . 9 8 1 ~ - 0 5  
20 6.31OE-09 
2 1  7-943E-01 
2 2  1.000E-03 
2 3  l . 259E-03  
21 1-SESE-03 
25  1.995E-G3 
26 2.SlZE-03 
2 7  3.162E-C3 
2 9  5.012E-G3 
30 6.3lOE-03 
31  7.993E-03 
32  1.000E-02 
2 8  3.981L-C3 
33  1 - 2 S I - 0 2  
34 i . s a s c - 0 2  
3 5  1.995E-02 
36 2.512E-02 
37 3 . lE2E-02  
3 3  5.012E-02 
9G 6 .31OE- t l  
4 1  7.543L-GZ 
9 2  1.OOOE-tl 
9 3  1.259E-E1 
9 5  1 .995 f -C1  
9 6  2 .512E-01  
9 7  3.162E-Cl  
9 9  5.012E-Cl  
5G 6 . 3 1 0 E - t l  
52  1 .OGOE+GE 
sr I . C ~ ~ E * C G  
5 7  3 1 ? 7 ~ + 0 r  
S R  3 . 3 e ! c * c c  
6 1  7 . 9 4 3 t + r ~  
6 4  1 . s e s t + t i  
3 8  3 -981E-Ct  
4 9  i . s e s t - c i  
p a  3 . 9 ~ i t - c i  
5 1  7.94JE-21 
5 3  1 . 2 5 5 L + C C  
5 5  I . 'J95i+OC 
si 2.512E+CC 
c 3  S.OlZE*CO 
6G C.,lOL+CG 
6 2  l .OCUE+CI 
b l  1 .259E+Cl  
6 5  1 .995L*C. I  
1 
2 ~ 8 7 . 6  









































z n e . 3  
2 8 3 8 . 5  
z a e 4  - 4  
293  1.1 






346 3 . 1  
3Sb0.3 
3660.4 
37t8 .5  
4 C 1 6 . 1  
4156.1 
4312.3 
4490 .3  
4710 .d  
T 0 3 6 . 2  
5 5 4 5 . 5  




1 - 64 2E-C4 
5 221  5-64 
5.430E- G9 
6 .7oPE-CP 
7 - d 3 4 E - t 4  
9 -  l i Z E - G 1  
1 .L t IE -G3  
l.i4115-C3 
1.5b9E-C3 







5 - 8 3 6 E - C I  
6 .3746-63 
9. 3 39E-L 3 
4-963E-C3 
1 -196E-02  
1 . P l S E - O 2  
1-7iUE-C2 







8 - G E 7 E- C 2 
9 96 5 E- C Z 
1.23YE-Cl  
1 -537E-61  
1 - 9 2 5 E - C I  
2 -4;  3E-01  
3 .b66E-C 1 
3.d94E-61 
9 . 9 L O E - t l  
b .329E-CI  
B.LBbE-GI 
l.C31E*OC 
l . j i 2 E i G C  
1 . b S 3 t + C O  
2.1?3E+OG 
2.795E+OU 
3 .b Lb E *cr 
6 .L79 i+OL 
) . 3 5 3 E * O L  
l .LLt?E+CI 
1 . !68E+@l  
l .d53E+C* l  
2 . 4 9 5 € * 0 1  
J . J E b E * C l  
Cr .b33E+Cl  
b - Y L ? E * G I  
8 .371E+C1 
t . i i z t * c ;  
l . S 6 2 E + C i  
2 a d 4  9 E + C 2  
U . b 1 2 E + C r  
9 . 4 3 1 i t c :  
7 . I )  3 5  E + c 7 
1.171E*C3 
nno 
2 . i L I t - 1 5  
5.531L-15 
6 .21 lE -15  
7.03CE- 15 
8 . ~ 2  ~ ~ - 1 5  
9.245E- 1 5  
1.C71E-14 




2.Z70E - 1 9  
2 .Rl?L- 1s 
3. 3 3 0 V 1 9  
3.949E-19 
4 .686E - 1 4  
5 .C 6 6L - 14 
6.6 ZGE-1 9 
7. aacE-19 
~ . ~ B s L - ~ s  
1.11 SE- 13  
1.335E-13 
1.59-E-1 3 
1.9L3.  - 13  
2 - 2 8 t L - 1 3  
2 .73ZE- I3  




6.956F- 1 3  
8 .956€ -1  3 
1 L 1 3 2 L - 1 2  
1 . 2 6 9 E - l i  
1 - 5 5 5 E - I 2  
1.922E - 1 2  
2.3bEE-1.' 
2.97bE-12 
3. i 2 S E -  I2 







2 .966E-11  
3 . 7 5 4 ~ - 1 1  
7 . 3 9 a ~ - 1 2  
9. a l a r - 1 1  
6.135E-11 
7.977E - 1 1  
1 . @ 3 2 L - l L  
l .JY4E-lG 
1.7bZE-10 
2 . 3 i b L  -1L  





2 .39?E-03  
7 . 7 r t t  - I C  
3 .  7 t x - I  9 
5 . 2 ~ 1 c - r 5  
KAPPA 
3 . 4 6 X - E Z  
4.2OIE-02 
4.351E-CZ 
9 .b87E -C 2 
5.C97C-CZ 
5.32EE-CZ 
5 - 5  7 3L -[12 
6.12CE-G2 
6 -9  1 9E-02 
6.7 3 1E-0 2 
4 . 5 1 :E -r. 2 
I.~BJE-CZ 
5. a i  B E - C ~  
7.064E-02 













1.254E - C  1 
1 . 2 ~ 2 ~  -0 1 
1.309E-01 
1.31 9E-C1 
1.32 7E -0 1 
1.127L-01 
1.302E-01 
1 .28 tE  - c  1 
l . 2 5 4 E - C l  
1 .2276-01  
1.2OZE-C1 
1. JIBE-OI 
1.1 ' I S € - C  1 
i .I SLIE-c 1 
1.133E-01 
1.1ZOE-01 
l . l O C E - ~ l  
1 .b76€-Ol  
1.DSYE-01 
1 - 0 1  5E-Gl  
5 . 7 7 6 E - G i  
9 - 3 5  7E - C  2 
8. ~ ~ S E - C Z  
a. 3 8 7 ~ - 0 2  




5.49;E-t i  
4.017E-02 
4.329E-C2 
3.  b96E-02 
3 . E 6 1 E  - 0 2  
2.9 9 3E - 0  i 
1 . 8 7 1 ~ -  02 
5.25 7c -0 3 
1.35JE-CZ 
I . I C I E - T Z  
l .OZSf *Ol  
t.bG4E*07 
9.921 € I t 6  
9.7 96E *06 
9 - 6 6  5E * t 6  
l - C 1 5 € * 0 7  
9 5 2 9  t*O6 
9.389E*06 
9.2QCE*06 
8 .950t *06  
9.099€*06 
8.791€*06 




e . O O S E * O ~  
7.6 WE*OS 
7.3Q?E+G6 
6. e 3 1 ~ + 0 6  
7.8QSE*06 




6 - 4 7  3E *06  
6 - 7 90 €*G6 
6.103E*G6 
5 - 9 1 1 € * 0 6  
5 - 7  1qE*06 




9 .635€*06  
9 396 L*06  
4 .  199E *06 
3.89QE *06  
3 - 6  39 €106  
3 .368€*06  
3.C37Et06 
2.871E*C6 
2 54 1 E *06 
2 - 7 5 5  E * G 6  
? . 9 6 3 € * 0 6  
1.66 JE +C6 
1 . 3 5 5 E + C 6  
1 .0356+06  
7 . C 4 4 E + O S  
T . 5 9 9 € * 0 5  
G . f * G G  
- 3 . 1 7 2 E * G 5  - 7 .738€+05  
- 1.192E +06  
- 1 . 6 3 2 € + 0 6  
- 2  . t 9 9 € + 0 6  
- 2  5 9  3€*06  - S.126€*06 
- 3  7 C 9  t 06 
-4 3 5 6 € + 0 6  
-5.L82E.06 - 5.9 1 3E*G6 
-6 . e s 7 t * o 6  
-7.881E*06 
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Table 2 (Continued) 
I L F F  3500. LOG G C.UO[r b A V E  1UbUL. K LO 
H 1.00UOL*00 4 f  5.bGUGE-01 C 3.CSLbE-C.3 N 1.GtGLE-02 C 1.78GOt-03 
T A U  
I O . t * O O  
2 1.00UE-C5 






a 3 . 9 ~ 1 1 ~ - 0 5  
1G 6.3lOE-05 
1 1  7.943E-05 
12  1.000E-0Q 
1 3  1.259E-04 
I Q  1.585E-01 
1 5  1.995E-04 
1 6  2.512E-CQ 
1 7  3.162E-01 
1 8  3.981C-OQ 
1 9  5.012E-OS 
20 6.31OE-01 
21 7.943E-04 
2 2  1.OGOt-03 
2 3  1 . 2 5 % - 0 3  
21, 1.58SE-03 
2 5  1.995E-03 
2 6  2.512E-03 
2 7  3.162E-G3 
2 8  3.981E-03 
30 6.310E-03 
3 1  7.943E-G3 
3 3  1.259E-02 
34  1.58SE-02 
3 5  1.995E-02 
3 7  3.162E-02 
38 3.981L-GZ 
Qb 6.310E-02 
I 1  i . 943E-02  
4 2  l.c'O0E-01 
C ?  1 . 2 5 9 f - 0 1  
Q Q  1 .58SE-01  
Q 5  1.995E-E1 
Q b  2.512E-01 
4 7  3.162E-01 
4 8  3.981E-01 
4 9  5 .012L-01  
5 0  6.310E-Ill 
51  7 .9Q3E . c 1  
52  l.OOllL*OC 
5 3  1 . 2 5 9 € * 0 0  
5 u  1.585C*GO 
5 5  1 . 9 9 5 € * 0 0  
56  2 .512E*00  
5 7  3.162L*OO 
s o  3.981E*CO 
5 9  5.UlZL*OO 
60  6.31OE*OO 
61 7.9Q3E*G0 
6 2  l.(ICOL*bl 
29 5.012E-03 
3 2  1.000E-t2 
36 2.512E-02 
?9 S.Ol2E-02 
€ 3  1 . 2 5 9 ~ + r i  
6 4  i .sesE+oi 
6 5  1 . 9 9 5 € * 0 1  
I 
2098 .1  
2 1 2 2 -  7 
2 1 3 1 . 3  
2lJb.O 
t l Q l . 2  
21QC .5 
2 1 5 2 . 1  
2157 .8  
21b9.8 
2176 .1  
2 1 8 2 . 5  
2 1 9 5 . 9  
2 2 6 2 . 9  
2210 .1  
2217 .7  
2255  - 4  
2 2 3 3 . 6  
2 2 Q 2 . 2  
2251  - 2  
22bO.B 
2270 .9  
2 2 9 3 . 5  
2306 .1  
2 3 1 3 . 9  
2 3 3 4 . 9  
2351  - 5  
2 1 4 6 . 3  
2163 .7  
2189 .1  
2 2 8 1 . 8  
2 3 6 9 . 8  
2 3 9 0 . 2  
2 l l t . d  
z c 3 7 . 9  
7465.7 
2 4 9 6 . 1  
2 5 2 9 . 3  
7564  - 7  
2602 .2  
2 6 Q 1 . 1  
2721 .9  
2763 .4  
2 8 5 0 . 5  
2897 .2  
i:'!E .b 
2 9 9 9 . 2  
:cs2.1 
3115 .1  
317Y.l  
3 2 Q r . 8  
3 3 2 1 . 4  
3 Y U U . 5  
3 4 8 5 . b  
3 5 7 7 . 1  
3675.d 
3 8 9 7 . 9  
4 0 2 J . b  
4 1 5 9 . 4  
4 3 0 7 . 7  
44 7 7 . u  
4 9 5 1 . 2  
2 6 8 1 . 1  
2 a o 6 . i  
3782 .3  





r . 9 5 Q E - O r  
5 -663E-04  
6.53QE- CQ 
7.5CQ E - G Q  
8 . d S Q E  -00 
1 .L36E-03 
1.2 18E-C3 
1 . * 3 5 E - C  3 
1 -695E-03  
2.GbSE-G3 
2.3 77E-CZ 









1 -376E-02  
1.650E-G2 
A. 9E2E- C 2 
2.365E-CZ 
2 -87bE-G2 
J .Q 7 I € - 0 2  




9.4 6 C  E -  C 2 
1.1 76E-Gl 
1 . Q 6 5 € - 0 1  
1 .d36E-01 






9 - 9  1 Z E - 0  1 
1 . 2 6  9E* OL 
1 .tZ6E* 00 
2.OBbE*CO 
2.68QE*OG 
3 . 4 6 1 € * 0 0  
Il.YBGE*GC 
5 - 8 2  G E *  OC 
7.595E*Gl: 
9 . 3 6  lE*OU 
1 3 I J E * C  1 
1 - 7UlE*01 
2 . 3 2 O E * C  1 
).1LSE*Cl 
4.1 i4E*01  
S.b4LIL*Gl 
7 . 7 3 ? t * G l  
1 .bdlE+CZ 
1.551E*GZ 
2 . 3 L Q l * G ?  
1 * 5 b 4 E * G ?  
5 . a i  3 ~ *  0 7  
RHO 
2. ? 7 8 i - 1 5  
4 .  ?LO€ - 15 




9 .L83E - 15  
1.058E-14 
1 . 2  3 5E - 1 4 
1 - 4 4  7L-14 
1 - 7 W E - l Q  
2. Sb2E-14 




5 .5bbE- I4  
6 .5JDL- lQ 
7 .757E- lQ 
9 .2PJt -14  
1.097E - 1 3 
1 . 3 L 7 t - 1 3  
1 . 8 5 9 t - 1 3  
2.222E -13  
2 . 6 5  3E - 1 3  
3.189E-13 
3. (JOE-I 3 
4 .611E-13  
5.5CIE-13 
6 .7Q3E-13  
8 .  I97E-13 
1 .GGOE-f2 
1 . Z E C E - l Z  
I .  W 9 E - 1 2  
2.32OE - 12  
3.625; - 1 2  
Q . 5 5 l i - 1 2  
5.72SE-12 
7 .?[ret - 1 2  
9.080E-12 
1. lQYE-11 
l . Q Q 2 E - 1 1  
1 . B i r ' E - l l  
2 .299E-11  
2.911E-11 
2 .003E- lQ 
I .  5 5 a ~ - 3  3
I .  8 6 7 ~ -  1 z 
2 . 1 3 5 4 ~ - 1 2  
3 .6ISE-11  
4.7L3E-11 
7.7GlE-11 
3.914E - 11 
1 . Z b Z L - l G  
1 .6bSE-16 
2 .106E- lC  
2 . 8 2 8 E -  1 c  
3 .712t -11 ,  
4 .97 JE- 112 
b. 6 ; l t - l G  




1.  9 4  a ~ - c 3  
WIPPA 
C . G O ~ E - O ~  
5 .Ir 2 1E -0 2 
5.406E-Ct 
5 -  b3 1 E-02  
5 .202E-G2 
5 . I ) ? €  -02  
C . lSGE-02 
6.762E-02 
7.10 ZE -0 2 
7 -66 3E -C 2 
6. Q46E-02 
7. m a € - 0 2  




1 - 0 1  1E-01 
1 .L63E -0 1 
1 -1 1 ?E -01  
1.171E-01 
1 .2  I S €  -0 I 
i .3*2€ - 0 1  
1. Q O O E - C l  
1 - U 5 6 E - C l  




1 -688E -0 1 
1.716E-01 
1 .73QE-01  
1.7C2E-01 
1.725E-01 
1. IGQE-*l  
1. Z Z ~ E - O I  
1 739E-Gl 
1.67QE-01 
1 .64  1E -0 1 
1 . 605€-0  1 
1.572E-C1 
1.S4OE-Cl 




1 .QOEE-O 1 
1.370E -0 1 
1.33GE-01 
1.233E - 0 1  
1.  2 e 3 ~ - 0 1  
1.177E-01 
1 - 1 1  ?E-01 
1.053E-Cl 
5 - 2  1 GE -t  2 
a. 5 6 4 ~ - c z  
7 . 9 4 t E - 0 2  
7.313E-02 
6 .bC6E-I'Z 
5 .  ???E-02 
3.930E - 0 2  
3.L38E-02 
2.23E.E-tZ 
1.525E -02  
9. e 7 4 ~  -0 2 
4. BSdE-02 
W t M l i )  
1 .C6 1E*C7 
9.88UF.*06 
9 -  778t*06  
9 .668€*06  
9 .55  2E +06 
9.*29€*06 
9.302t*G6 
9 16 9L 0 6  
9.0 3 3E 06 
8 . 8 9 3 L G 6  
8 .605€*06  
8.308€*06 
8.00Qf +06 
7.  e Q 9t 06 
7 .693€*06  
7.536€*06 
7.377€*06 
? .216E+06  
?.05QE*06 
6 . 7 2 4 € * 0 6  
8.750€*06 
8 -0  5 ?E *06 
8 I5 ?€*a6 
€.09UE*O6 
6 - 5 5 SE *06 
6 - 2 1 1  L*06 
6.38q €*OS 
6 .03*2*06  
5 - 8 5  3E*06 
5 .669€*06  
s.*eoc*o6 
5 .286€*06  
5.086E*G6 




3.980 E+ 06 
3.735€*06 
3.48QE*06 
3 .226€*06  
2 . 9 6  2E*G6 
2 - 6  9q E*06 
2 .1  Q 5 6 * 0 6  
2 . Q 2 2 € * 0 6  
i . e 6 3 ~ + 0 6  
1 .574€*06  
9.7 Q6E * O S  
6.6G91*05 
3 .365t *G5  
O . E * O O  
-1.5GOE*OS 
- 1 . 0 9 6 € * 0 6  - 1 .I( 9 3 t * 0 6  
-1 .9G8€*06 
- 2 . 3 4 0 t * 0 6  
- 2  796 E* 06 
- 1 . 2 8 5 € * 0 6  
- 3 . 8 2 2 t * 0 6  
-9 dIZ2t*06  
-5  1C1€*06 
-5 .879E*06  - 6 . 7  9 JE * 0 6  
1.279E *06 
- 7 . i ~ e ~ * o s  
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Table 2 (Continued) 
TECF 3500. L I G  G 0.000 Y I V E  ICOCO~ K 2 3  











L O  C.3loE-05 
11 7.94SC-OS 
12  1*oooE-o4 
1 3  LZSX-01  
11 1.585C-01 
15  1.99%-01 
16 20512E-OI 
17 3016ZE-01 
1 1  3.901E-04 
19 50OlZE-04 
2 0  C.3lOE-01 
21 to943E-Ol 
22  LOOOE-03 
23 1 . ;~9€-03  
1 1.S8SE-03 
LS 1.99SE-03 
2' - Sl2E-03 
27 a.lCZE-03 
3 .98 lC43  
L a  5.012E-03 
10 6*310€-03 
31 7.943E-03 











4 3  I.2S9E-01 
I1 1.585E-01 
15 1.99SE-01 
1 5  2.512E-01 
4 7  3.162E-01 
11 3.91lE-01 
1 9  f.Ol2E-01 
50 6.3lOL-01 
51 7.913E-01 
52 l . O O O ~ * O O  
53 1 -2S9f *00 




5 0  3.98lE.00 
59 5.012E.00 
6 0  C . S l O E * O O  
61 ?.943E*00 
62 l . O O O E * D l  
6 3  1.25%*01 
61 1.5uSE*DI 


























Z I 8 0  02 













































4 . l l l t - C 3  
10 74CE- 03 






1- QCPE- 02 
1 .729E-02 
2.OSOE-02 





5 0743f 422 
C.8ZdE-02 
8 .12CE-C2 
9. CCIE- 0 2  
1 .l s1t -01 
l.372E-Of 








7-  3CSE-01 
9 .031E-O1 





















1. 43CE* 02 
6 051CE4C2 
8.911E* 0 2  
1 099E* OS 
1 .ZWL 4 3  
10339E*CS 
1.101E*03 
l*41lE* 0 3  
XNE 
7 1 ZlE*O4 
1.35CE *c5 






































2 m618E *O 8 








3 .C78E *OS 
1 .C?JE+Ot 
i . 6 4 6 ~ + a t  
6.768C*C9 
1 03OE* 10 
1 e586E * lo  
2. 4 651, IO 
5.993E*l C 
9 734E e10 
1.012E*ll 
4.OOSE*ll 
3 .  9 C E  *l 1 
2.067E* 12 
9 r529E*12 









3.6C 7f-1 4 
1 .ZOSE-11 
1 91 CE-11 
5.7SOE-11 
6 7 03E-1 4 
7 0991E- 14 
9.143E-11 




2 0 19*E-13 




5 1 4 2 E-1 3 
60103f-13 
7.2WE-13 
¶ .6 092- 13 
1. 021:- 12 
1.211f -12 
I .453E-12 




3.6C ?E-1 2 
10363E-12 
5.25SE-12 















2.0 7SE-1 C 




1. c 93 E-C 9 
1 -571E-09 
2.18JE-09 
2 8 1  5 E-09 
3.27 ZE-09 
3 4 85E-C 9 
f.53CE-09 
3. 3726-09 
3. 479f -0 9 
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lEFF 3546 LOG G u . J i ,  WAUE i u u J C  K 29 
75 
Table 2 (Continued) 
TLff 35CO L C G  G C o C C O  ) A b €  lOOC0 K 26 




3 A . a  




ii t.a -u 
1 2  1.1 
13 1.2 
1 4  1.5 
t s  1.9 
16 i o 5  -







2 6  5.5 










38 L o 9  
40 6.3 
- A l a &  
42 1.0 
43 -L.t 
4 4  1 0 5  
- *5 1.9 
4 t  i . 5  
48 1.9 
50 6.3 
61 L o 0  
51  1.0 
5 4  1.5 
SI 1.9 









- 4 6 4 4  
19 5.a 
JO s a  
i ~ 9  5.0 






































































I t - t f  5 
fL-PS 1 
Et-c5  5. 
2L-05 2 
1E-05 2 
i t - t c  i 
(E-85 2 






' 1 L - C C  2 
z t - a 4  5 






5 € - Q 3  P 
'If-C? 2 
OE-QS 2 
~ € 0 0 3  2 
OE-OJ 2 
a t - c t  z 
i3e-m 2 
15E-02 2 










E E I L I i  
1 E - C l  0 
Z f - 5 1  i 
i U - G 1  3 
O t t C C  2 
9E+EC 3 
S E t C C  3 
i € t G O  3 
5 € * C G  3 
l € t C G  3 
a44&--4 
G E t t C  2 
3E*Cb 4 
O E + b l  4 
9LtOl  4 
f L t O 1  4 
-4 
zL-01 2 
@ € - a i  z 



























































i . o a a a -  
_ .  _. 
: - f 5  4.2 
i-E4 7 . L  
:-c4 5.2 
+ L L  L a  
: - t 4  1.2 
:-cr 1.4 
: - G I  J o t  
: z u - . L l  
: - t 4  i.4 
:-C4 3.2 
i -c4  2.7 
i-84 4.2 
L - U  
i-63 5.7 
,093 t.c 








i - C ?  1.4 




; - c 2  2.5 
i-82 40? 








i - C f  2.2 
-r92-.Ad 
- a i  a . J  
. - l j  t.5 
. - t i  t .5 
.-Cl 1.2 
:01 1 0 6  
' - ,  
i - t i  2 . i  
: - t i  4.C 
: - t i  t.i 
.4OQ 1.2 
i+1G 1 .1  
I t B t  i.5 
, - a i  4.7 
; + c a  2.8 
: t o o  5.a 
;eo0  5.0 
i t c i  1.* 
w-44 
! + M i  4.1 
i + O l  C.0 
: t a l  1.7 
i t 6 5  4.2 

































































































































































i t -  
E -  
E -  
E- 
I € -  
& 
E -  
E- 
€ -  
E- 








E -  
o- 
E -  
E- 
€-  
f i  
L- 
.E- 









€ -  
t- 
if- 
€ -  
) E  - 
€- 
%- 
' E -  
l€ -  
I € -  
IL- 
E- + 



































































11 1 0 4  




I 1  1.5 
I 1  1.l 
il 1.5 
'1 1.; 










I 1  9.5 
U - a  
I1 4.5 
I 1  I.€ 
1 8.1 
I1  7.1 
u + 6  
I1 7.4 
1 7.1 
;1 e . t  
ll L.0 
I 1  6.3 
Ir 





I1 3 . t  
I 1  2 . t  
I1 1.2 
I1 1.; 






I1 -1 .8 




I1 -5 .4  
b2 - E . &  
I2 - 7 . 5  
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2 1  7.943E-04 









3 1  7.943E-03 
32 1.OOOE-02 
33 1.259E-02 














4 8  3.981E-01 
49 5.012E-01 
50 6.310E-01 
5 1  7.943L-01 






60 6 . 3 1 O t * O O  
6 1  7.943Et00 
56 L.512E*00 
58  3.981C-30 




TEFF 3000.  LOG G 0.001) W4J€ 10WO. LI  














































2601.  n 
2 6'. 9.5 
2699.3 
2754.9  



















6.2 15E -04 
7.076E-04 









~ . 7 , 7 ~ - n 4  





1 .o 10f- 02 











1.65 3E- 01 
2.139E-01 
I .  8 0 9 t -  01 
3.714E-01 
4.943E-01 
6 .544 i -G l  
8.634E - 01 








9 .824t t00  















1.75Zt * 0 3  
1.894EtO3 
i . a 4 6 ~ - 0 2  





i . s 3 x * n 4  
1 1 bZE * 04 
1.327F *O' 
1.78 1 Et04 
Z . O d Z E *  04 
2.446E *@ 't
2 .  tv42€*04 
3.42 9F* 04 
4.082 ~ * 0 4  
4 . 3  73E* 04 
5.839€+04 
6.997€*04 
8 .42  4E 04 
1.014E*O:, 























3.80 3E 0 7 
5.023E*07 
6.7 17E* C 7  
C .086E*07 
I . 2 5 2 € * 0 8  
2.525€*08 
3.724E408 






1 . Z O d € * l O  
Z . l O l E *  LO 
3.5 70E LO 
5 . 8 1 3 E t l O  
e. 9 l Z E +  1 c 
1 . 3 4 O F t  11 
2.304E*11 
4.639E 1 1 
9.876Et 11 
4 .831Et02  
i . 7 5 a t t o e  
2 .OblE* 12 
An0 
2 -2Y6E-15 






1.i)S Of -14 





3 -01 6E-14 
3 67 7 t- 14 
4.382E-14 
5.290E-14 





1. It*€- 13 
2 .'J86E- 13 
3 .  136E-1 3 
4.76lE-13 
2.550E-13 
3 -85 5 t- 13 
5.887E-13 
7.345E-13 
'4 * 19ZE-13 
1 . 166E-12  
1 C92E-12 
1 -934E-12 
2.525 t- 12 




















Y . O l 6 E - 1 0  
1 O%E-0' 
1 . 4 8 4 E .  ' 
1.96'4' ' 
2.5711 
i . 3 0 1 L  
4 . 0 6 8 t -  
4.65HE-OY 
4 9 7  1 E-09 
5.3dOE-09 
KAPPh H t K M )  
3.16YE-02 1 777F t o 7  
3. 587L-02 1 677 Et07 
3.665E-02 1.662Et07 
3.749E-02 1.646E to7 
3 . 8 4 3 ~ 0 2  i.6z~~to1 
3 -94ZE-02 1.610EtO 7 
4.049E-02 1 - 5 9 0 E t 0 1  
4.173E-02 1.570EtO7 
4.287E-02 1.5498*07 
4.414E-02 1.526E *O 7 
4.546E-02 l .504Et07 
4.690E-02 1.481E*O7 
4.814E-02 1.457ktO7 

































1.88 3E -0 2 1 209 E *06 
1.700E-02 6.17bEt05 
1.530E-02 O.E*OO 
1 . 3 6 ~ - 0 2  -6.464€*05 
1 . L O t E - 3 2  -1.329Et06 
1.043E-02 -2.055€*06 
Y.016E-03 -2 .831€*06 - - 3 650E tl) 6 
- -  '-03 -4.497Et06 
-03 -5.3576t06 
1 -03 -6.2358*06 
. d t - 0 3  -7.130EtO6 
4>7t -03  -7.957€*06 
1 . 2 1 4 I  .02 -H.5RIE*06 
2 . 1 4 6 t - 0 2  -9.007EtO6 
3 .84QE-02  -9 .28 lE t06  
6.287 t - o  z 1.142 E t n  7 
~ . O R B E - O Z  9 . 9 m t o 6  
3 . 8 2 6 ~ - n z  6 . 3 6 3 ~ t o 6  
9 39 E - 0 3 
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TEFF 3GOC. L O G  G 2 - O C C  Y a V C  10GOG. L 2  
H l.GOOGE*OO HE 1.LGGOE-01 C 7.lGttL-Dcl k 8 .51CtE-F5  C 5.890CC-04 
TAL 
1 O . E * O O  
2 1.000E-05 
3 102596-05  





1 0  6 .310t -05  
11 7.943E-05 
1 2  1.00Uf-04 
1 3  1.259E-04 
1 4  1.585E-09 
1 5  1.995E-09 
1 6  2.512E-04 
1 7  3.162E-04 
1 8  3.981E-09 
1 9  5.0lZE-09 
20 6.310E-04 
2 1  7.993E-OS 
22 1.000E-03 
2 3  1.259E-G3 
a 3 . 9 n i ~ - o s  
2 1  i . 5 r m - 0 3  
25  1.995E-03 
2 6  2.512L-03 
27 3.162E-03 
2 8  3.981E-03 
2 9  5.012E-03 
30 E.3lOE-03 
3 1  7.Y93E-03 
32  1.000E-02 
33 1.259E-02 
35  1.995E-02 
3 6  ZmSlZE-02 
3 7  3.162E-02 
3 8  3.981f-CZ 
39 50012E-02 
4 0  6.310E-02 
4 1  7.943E-02 
4 2  1.000E-01 
4 3  l . 2 5 9 E - 0 1  
4 5  1.995E-Gl 
46  2.512L-01 
4 7  3.162E-Gl 
9 9  5.012E-01 
50 6.310E-01 
5 1  7.943E-01 
5 2  1 . 0 0 0 ~ * 0 0  
5 1  I.Z59E*OC 
5 5  1.995f*OO 
5 6  2.512L*OO 
5 7  3 .162€*30  
5 u  3.981E+OC 
59  5.012E*GO 
6 0  6.31OE+OO 
61  7.943E*00 
62  1 .000E*Gl  
6 3  1 . 2 5 9 f * O l  
6 r  1 . 5 8 5 f * 0 1  
65  1 . 9 9 5 L * 0 1  
3 9  i .snsE-02 
c c  i .sns1;-oi 
I n  3 . 9 8 1 ~ - 0 1  
5 4  i . 5 n 5 ~ * 0 0  
T 
2050 .9  
2079 .1  
ZO84.b 
2089.7 














2086 - 2  
207 3.5 
2068.3 
2076 e 1  
2086 -0 
2122.2 




2239 .5  
2261.6 
2309.8 





2102 .8  
2285.1 
2467.0  













2882 .1  
1 1  75.a 






4 6 3 2 . 0  
4902 .5  
5 1  99.4 
5500.5 
5801 .1  
P 
1 359E-02 
2 7 17E-d2 
J.L58E-C2 
3 .rc 7 1E- C Z  
3.9696-02 




8.4 b7E- C t  
9 .957E-02 












5 .b 1 r E-Gl 
6.597E-01 
7 7 4 3E-01 
9 - 2 2  1E-G: 
1 . l l Y E * 0 0  
1.3 71E 00 
1.715E*00 
2.17 l E * 0 0  
2.768E*00 
3.552EtG0 
4 * 5 9 0 E *  GO 
5.963E+JO 
7 .832€*00  
l .G35E*01 
l . J 8 Z E * O l  
1.854E*01 
2.511E*Ol 
3 . 4  10E*O 1 
4 .659€*01  




2 .255€*02  




1 .168€*33  
l .b37E*D3 
2.- 9 7 E * C 3  
3.2GZE+fl3 
4.416Ea03 
5 .345€*03  
7.  r7  ~ E * O  3 
Y.88+E*t3 




Z . ~ S B E * C U  
~ . ~ S ~ E * O Q  
5.G29E* 1 2  
9 .241€*12  
@no 
1.O36E-13 
2.0 Y 9E- 1 3 
2 - 3 L l E - 1 3  
Z.bBCE-13 
3. 4 Z l E - 1  3 
4 .60PE-13 
5.374E-13 
6 J 8 2 E - 1 3  
7.355f  - 1  3 
8.61RC-13 
l.CO9E-12 





2 .432E-12  
2.721E-12 
3.0 53E-12 
3.447E- 1 2  
3.9b8E-12 
4 .4b5€-12  
5.14OE-12 
5.96@E -1 2 
6.996E-12 
8.338E- 1 2  
1.01 ZE -1 1 
1 - 2 5 t E - 1 1  
1 .566E-11  
1.97 BE-11 




6 - 9 6  lt -1 1 
9.159E-11 
1.211E-1L 






5. z SBE-  i o  
7.039L - 10 
9 .487E-  t 
1.2 77E-09 




5. a2  aE-o 9 
1. 4 3 BE-o a 
. . 9 ~ 3 t - o n  
7 -910E-09  
1 .072E-D6 






6 - 5 5  ?E - C 8  






8 2 5 3E-02 
8.622E-02 
9.G57E-Gt 
9.54 9E -02 
1 . O l l E - 0 1  
1 .G 7 CE -0 1 
1 .1b lE-01  
~ . J s ' ~ E - ~ z  
1 .Z32E-Ol 
1.333E-01 
l . 457E-01  









4 . 4 1 7 ~ - 0 1  
9. 462E-01 
4.4 50E -0  1 
4.141E-01 
3.892E -0 1 












l . 997E-01  
1.328E-01 
1 .215c-01  
1.1 1 0 f - 0  1 






5 .  Z Z S E  - 0 2  
4 .727€ - 0 2  
4 .371E-02 
4 .221E-02 
Q. Jl ZE-02 
$.63SE-02 
5.122E-02 





1 .E 99E -0 1 
i .se.zE-oi 
7 . 7 8 1 ~  - 0 2  
H I K k I  
1 7 29E * O S  
1 .6176*05  
1 . 6 t l E * G 5  
1.584E*05 
1 - 5 6 5 f  * O S  
1 * 5 2 6 E * 0 5  
1.5C6E*05 
1.485f  *05 
1, 463E*05 
1 4 4 2E *G5  





1 316E*05  
1 - 2  84 E * O 5  
1 . 2 7 1 f * 0 5  
1 25 9L *05  
1.244E*OS 
1 .2 l IE*O5  
1 191E*OS 
1 1 ? O t * C 5  
l . l 98E*OS 
1.1 ZZE *o 5 
I .  094 € * O S  
1 -06UC*05 
1 .331€*05  
9.974€*09 
9.6 2 2  E* 04 
9 .258f  *04  
8 0 4  8 4E * 0 4  
7 6 9  OE * O Y  
7 .190€*04 
6.724E*OY 





8.071 c * o q  
5 .745E*O( l  
5.236E*OU 
4.716E*OI 
I(. 186 L*O4 
3 .643f *O9  




6 63  O f  * O  i 
O.E*OO 
-6.  n 8 3 ~ * 0 3  
-1.400t*G9 
-2 .126€*09  
-2 85 3 E*  09 
-4 .226€*09  
-Q.851€*04 
- 5 . 4 4 5 € * 0 4  - 6.02 S f  * 0 4  
- 6  - 6  lIE'O9 
- ? . 1 9 5 f * 0 9  
-7.719C*04 
-I. 1 Z8€+0II 
- 3 . 5 5 1 ~ * 0 4  
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Table 3 
Monochromatic Flux from Models 
(k)" 1 (log rFV in erg an -2 ,-1 
Wave 1 eng t h J2 54 J5 36 57 58 J9 J10 513 514 
































































































































































































































































































































































-7  0.001 - 8.384 
- 8.056 
- 7.809 















- 4.894 - 4.763 - 4.742 
- 4.717 - 4.688 - 4.659 
- 4.662 - 4.724 





- 4.664 - 4.956 
- 5.082 
- 5.238 






- 5.594 - 5.713 
- 6.086 
-10.647 - 8.896 - 8.637 
- 8.360 













- 5.016 - 4.771 - 4.746 
- 4.697 - 4.674 
- 4.658 - 4.643 - 4.650 - 4.671 





- 5.103 - 5.0:5 
- 4.951 
- 4.886 - 4.880 - 4.914 
- 4.971 - 5.316 
- 5.541 
- 5.394 






















































- 8.600 - 8.325 - 8.048 
- 7.767 - 7.482 
- 7.190 
- 6.894 
- 6.554 - 6.238 - 6.033 - 5.828 - 5.617 
- 5.556 
- 5.493 
- 5.426 - 5.355 






- 4.682 - 4.674 
- 4.673 








- 4.900 - 4.896 
- 4.898 - 4.930 - 4.985 - 5.206 - 5.425 
- 5.338 
- 5.655 - 6.115 
- 4.847 
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Table 3 (Continued) 





















































































































































































































































































































Convective Velocities (VCONV) and Fluxes (FC) 
(VCONV i n  as-’; FC = convective f lux  / t o t a l  f lux)  
VCONV - FC -FC - - VCONV - FC Tau VCONV -













1 .585Et00 6.77E+02 
1.99SE+00 2.14’33 
2.51 2Et00 5.69Et03 
3.162E+00 1 .47E+04 
3.981Et00 3.73Et04 
5.012Et00 1.10Et05 
6.31 OE+OO 2.33Et05 
7.943Et00 2.97E+05 






























1 .259E+00 0.0 0.0 
1.585E+@0 3.82E+02 5.06E-12 
1.995Et00 4.54E+02 4.30E-12 
2.51 2Et00 5.60Et02 1.95E-11 
3.162E+30 7.37Et02 5.03E-11 
3.981E+00 1.37E+03 3.63E-10 
5.012Et00 1.91E+03 1.26E-06 
6 310Et00 0.0 0.0 
7.943E+00 0.0 0.0 
1 .000Et01 0.0 0.0 
1.259EtOl 0.0 0.0 
1 .585E+Ol 0.0 0.0 

















































Model J9* Model J10 







1 .l OEt03 2.41 L O 7  












7.67Et02 7.42E-08 0.0 0.0 
9.21Et03 1.39E-04 1.87E+!l3 7.81E-08 
3.68Et04 9.45E-03 9.30Et03 1.03E-05 
2.08Et02 9.54E-i 0 






































*ronvection extends up t o  t=.001 i n  Model J9 
*+Convectioc extends up t o  t=.OS501 i n  Model 532 
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Tau VCONU FC 



















6.31 r)E+OO 1.28E+02 
7.943E+00 .27E+03 
1.259E+01 1 .73E+04 
















2.512E-01 0.0 0.0 
3.162E-01 1.73E+02 6.58E-11 
3.981E-01 1.81E+02 8.94E-11 
5.012E-01 1.99E+02 .47E-10 
6.310E-01 2.04E+02 1.88E-10 
7.943E-01 2.01 E+02 2.18E-10 
1.000E+00 2.09E+02 3.20E-10 
1 .259E+00 0.00 0.0 
1.585€+00 2.03E+02 4.82E-10 









1.589E+01 0.0 0.0 
'.3ESE'Oi 5.78E+03 3.3EE-05 
VCONU FC UCONV FC VCOFV FC 
-el 518- -Hodel J19- A o d e l  ~ 2 0 -  
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 P.0 0.0 
4.18E+02 3.44E-10 4.25E+02 3.20E-10 
1 .48E*3 1 .57E-08 0. !I 0.0 1.27E+03 9.59E-09 
2.82E+04 1.38E-04 3.49E+04 2.3lF-03 ? .73E+04 2.b6E-05 
1 . 1 9E+05 1 .22E-02 8.99E+J4 5.44E-02 6.1 5E+04 1.51 € 4 3  
6.77E+03 1.70E-06 7.79E+03 3.06---05 4.88Et03 5.77E-07 
2.89E+05 2.14E-0i 1.34E+05 1.90E-01 1.74€+05 3.95E-02 
Model 522 Model 523* Model 535** 





















1.08E+03 1.48E-98 0.0 
7.15E+03 4.64E-06 0.0 









































































- +l on extends up t o  t=l.O7941 i n  Mndel J23 
p. 'on extends up t o  t=.00794 i n  Model 535 
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VCONY _. FC YCW I FC FC VCONV 
I_ Tau - VcM(Y - 

















5.012EtOO 0.0 0.0 
6.310E40 4.48E+02 4.30E-10 0.0 0.0 0.0 0.0 0.0 0.0 
7.943E40 1 .%Et03 2.03E-08 6.92E+02 1.67E-09 8.18Et02 2.65E-09 8.74E+02 3.22E-09 
1 .OWE41 6.32E+03 1.39E-06 3.49E+03 2.31E-07 3.82Et03 2.97E-07 3.90E+03 3.15E-07 
1.259Et01 2.22Et04 6.72E-05 1.42E+04 1.73E-05 1 .WEN4 1.98E-05 I .52EN4 2.08E-05 
1.585EtOl 7.41E94 2.84E-03 5.07E+04 8.68E-04 5.34E+04 1.02E-03 5.42E+04 1.06E-03 
1.995Et01 1.94E+05 5.91E-02 1.49EN5 2.46E-02 1.53Et05 2.67E-02 1.55E+05 2.78E-02 
I__ -- -_I FC 
K1 K3 K9 k12 
K23 K24 K28 K27 






3.981E-01 0.0 0.0 
5.012E-01 6.66E+02 2.35E-07 
G.3lOE-01 3.06Et03 2.79E-05 
7.943E-01 5.67Et02 1.876-07 
1. W E t W  2.45Et03 1.70E-05 
1 .259E+OO 3.88Et03 7.32E-05 
1.585E+00 7.72Et03 5.85E-04 
1 .395E+00 1 .13E+04 1.82E-03 
2.51 2E+00 1,796+04 6.84E-03 
3.162Et00 2.25EW 1 .27E-02 
3.981 E+OO 2.90Et04 2.57E-02 
5.012EtOO 2.99E+04 2.ElE-02 
6.31 OEtOO 3.25Et04 3.34E-02 
7.343EJ30 0.0 0 .I1 3.62E+04 4.86E-02 
1 .000E+01 1.35E+03 1 .13E-08 4.37E+04 8.69E-02 
1.2EgEt31 6.87Et03 1 .&7E-06 0.0 0.0 5.32Et04 1.64E-01 0.0 0.0 
1.585E301 2.79E+04 1.24E-04 1.49Et03 1.26E-08 6.30E+04 2.85E-01 2.72E+02 1.13E-09 






































































































































































































Table 5 (Continued) 
W e 1  K26 
.44 .19 .03 .cJO4 
-58 .38 .19 -10 
.82 .71 .58 .49 
-87 .78 .68 -60 
Model K24 
-53 .32 .13 .OB 
-60 .40 .21 . I1  
.80 .m .a .42 
.84 .75 .ij3 .55 
91 
Table 6 
An Abundance Grid a t  (350010.01S0, P, HKC) 
c/o C/H (canpared 





























Boundary Temperatures o f  Stel lar Models 
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